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(57) ABSTRACT

An object of the present invention 1s to provide a polymer
which has excellent reactivity, rigidity and adhesion to the
substrate, and undergoes a low degree of swelling during
development, a resist material which uses this polymer as
the base resin and hence exhibits much higher resolving
power and etching resistance than conventional resist
materials, and a pattern formation method using this resist
material. Specifically, the present invention provides a novel
polymer containing repeating units represented by the fol-
lowing general formula (1-1) or (1-2) and having a weight-
average molecular weight of 1,000 to 500,000, a resist
material using the polymer as a base resin, and a pattern
formation method using the resist material.
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POLYMERS, RESIST MATERIALS, AND
PATTERN FORMATION METHOD

CROSS-REFERENCE TO RELATED
APPLICATTONS

The present application claims priority to Japanese Patent
Application No. 2001-008613, filed Jan. 17, 2001, the
disclosure of which is incorporated herein by reference in its
entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to (1) polymers containing specific
repeating units, (2) resist materials containing such poly-
mers as base resins, and (3) a pattern formation method
using such a resist materials.

2. Description of the Related Art

In recent years, increasingly finer pattern rules are
required as the degree of integration and speed of LSIs
become higher. Under these circumstances, far ultraviolet
lithography 1s regarded as a promising fine processing
technique of the next generation. In particular, photolithog-
raphy using KrF or ArF excimer laser light as the light
source 1s considered to be a technique indispensable for
ultrafine processing to a size of 0.3 um or less, and its
realization 1s eagerly desired.

In resist materials for use with a KrF excimer laser,
polyhydroxystyrene having a practicable level of transpar-
ency and etching resistance has become an actual standard
base resin. In resist materials for use with a ArF excimer
laser, several materials such as derivatives of polyacrylic
acid or polymethacrylic acid and polymers containing an
alicyclic compound in the main chain are being investigated.
However, both of them have merits and demerits. In the
present situation, therefore, no standard base resin has been
established as yet.

Specifically, resist materials using a derivative of poly-
acrylic acid or polymethacrylic acid have advantages such as
high reactivity of acid-decomposable groups and excellent
adhesion to the substrate, and produce relatively good
results with respect to sensitivity and resolving power.
However, since the main chain of the resin 1s soft and weak,
these resist materials have very low etching resistance and
are hence unsuitable for practical use. On the other hand,
resist materials using a polymer containing an alicyclic
compound 1n the main chain have a practicable level of
ctching resistance owing to the sufliciently rigid main chain
of the resin. However, since the reactivity of acid-
decomposable groups 1s much poorer as compared with
(meth)acrylic type resist materials, their sensitivity and
resolving power are low. Moreover, their adhesion to the
substrate 1s low owing to the excessively rigid main chain of
the resin. Consequently, these resist materials are also
unsuitable for practical use. As used herein, the term “(meth)
acrylic type” means methacrylic type or acrylic type.

A problem common to both the (meth)acrylic type and the
alicyclic main chain type 1s the disintegration of patterns due
to swelling of the resist film. In these types of resist
materials, their resolving power has been enhanced by
increasing the difference between dissolution rates before
and after exposure. Consequently, they have come to reach
a very high level of hydrophobicity. Highly hydrophobic
resist materials can hold the film strongly 1mn unexposed
regions and allow the film to be 1mstantaneously dissolved in
overexposed regions. However, in the considerably wide
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exposure range therebetween, they permit infiltration of the
developer but fail to dissolve, and hence swell. Actually, for
very minute pattern sizes requiring the use of an ArF
excimer laser, 1t 1s impossible to use a resist material which
causes adjacent patterns to be united together or disinte-
orated as a result of swelling. In the present situation where
increasingly finer pattern rules are required, there 1s a need
for a resist material which not only exhibits excellent
properties such as sensitivity, resolving power and etching
resistance, but also undergoes a well-controlled degree of
swelling.

SUMMARY OF THE INVENTION

The present invention has been made in view of the
above-described circumstances, and an object of the present
invention is to provide (1) a polymer which has excellent
reactivity, rigidity and adhesion to the substrate, and under-
goes a low degree of swelling during development, (2) a
resist material which uses this polymer as the base resin and
hence exhibits much higher resolving power and etching
resistance than conventional resist materials, and (3) a
pattern formation method using this resist material.

The present mnventors carried out intensive investigations

with a view to accomplishing the above object. As a result,
it has now been found that a novel polymer containing
repeating units represented by the following general formula
(1-1) or (1-2) and having a weight-average molecular weight
of 1,000 to 500,000, which can be prepared according to a
process as will be described later, has excellent reactivity,
rigidity and adhesion to the substrate, exhibits suitably high
solubility 1n developers, and undergoes a low degree of
swelling, that a resist material using this polymer as the base
resin has high resolving power and high etching resistance,
and that this resist material 1s very useful for accurate and
fine processing.

Thus, the present invention provides a polymer containing
repeating units represented by the following general formula
(1-1) or (1-2) and having a weight-average molecular weight

of 1,000 to 500,000.
k

R2

(1-1)

R1
H W

&
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-continued

)

wherein R* represents a hydrogen atom, a methyl group or
CH,CO,R’; R” represents a hydrogen atom, a methyl group
or CO,R”; R® represents a straight-chain, branched or cyclic
alkyl group having 1 to 15 carbon atoms, and may be
common to R' and R* or different therebetween; W repre-
sents a straight-chain or branched divalent hydrocarbon
radical having 2 to 10 carbon atoms, which may have one or
more ester linkages 1n 1ts structure and may further be
substituted by one or more other atomic groups containing
a heteroatom; and k 1s 0 or 1.

Moreover, the present invention also provides a resist
material containing a polymer as described above, as well as
a pattern formation method comprising the steps of applying
the resist material to a substrate; after a heat treatment,
exposing the resist material to high-energy radiation or
clectron rays through a photomask; and, after an optional
heat treatment, developing the resist material with a devel-
Oper.

Polymers containing repeating units represented by the
general formula (1-1) or (1-2) have bridged alicyclic rings in
the main chain and hence exhibit high rigidity. Moreover,
since they have a very highly polar 7-oxabicyclo|2.2.1]
heptane ring 1n the side chain, they also exhibit excellent
adhesion to the substrate and a good athinity for developers
which 1s directly associated with a reduction of swelling.
Furthermore, since a spacer having a suitable length 1is
introduced between the 7-oxabicyclo| 2.2.1 Jheptane ring and
the rigid main chain, the rigidity which has been excessively
high 1n the prior art 1s moderately relaxed. In addition, the
7-oxabicyclo| 2.2.1 |heptane ring moiety is located at a posi-
tion remote from the main chain, and can hence function
more eclfectively as a polar group. Consequently, these
compounds have much better adhesion to the substrate than
conventional compounds. Furthermore, the low reactivity
which has been a big problem 1n the prior art 1s improved by
the 1ntroduction of a spacer and the ensuing enhanced
diffusibility of the acid produced, and a reduction in line
edge roughness 1s achieved at the same time. Accordingly,
resist materials using these polymers as base resins have
excellent properties from the viewpoint of sensitivity,
resolving power and etching resistance, and undergo a
well-controlled degree of swelling during development, so
that they are very useful for the formation of fine patterns.

Since resist materials using the polymers of the present
invention as base resins are sensitive to high-energy radia-
fion and have excellent sensitivity, resolving power and
ctching resistance, they are useful for fine processing with
clectron rays or far ultraviolet radiation. In particular, since
they exhibit low absorption at the exposure wavelengths of
ArF and KrF excimer lasers, they are characterized in that
fine patterns perpendicular to the substrate can be ecasily
formed.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The present invention will be more specifically described
hereinbelow.

The novel polymers of the present invention are charac-
terized by containing repeating units represented by the

general formula (1-1) or (1-2) and having a weight-average
molecular-weight of 1,000 to 500,000.

In the above general formulas, R* represents a hydrogen
atom, a methyl group or CH,CO,R". Specific examples of
R® will be given below. R* represents a hydrogen atom, a
methyl -group or CO,R>. R” represents a straight-chain,
branched or cyclic alkyl group having 1 to 15 carbon atoms,
and may be common to R* and R” or different therebetween.
Specific examples thereof include methyl, ethyl, propyl,
1sopropyl, n-butyl, sec-butyl, tert-butyl, tert-amyl, n-pentyl,
n-hexyl, cyclopentyl, cyclohexyl, ethylcyclopentyl,
butylcyclopentyl, ethylcyclohexyl, butylcyclohexyl,
adamantyl, ethyladamantyl and butyladamantyl. k 1s O or 1.

W represents a straight-chain or branched divalent hydro-
carbon radical having 2 to 10 carbon atoms, which may have
one or more ester linkages 1n its structure and may further be
substituted by one or more other atomic groups containing
a heteroatom. Although W can represent a large variety of
groups, some speciiic examples are given below.

O O
P N N
O OH O
o)\o O
PN

o7 N

PN

h‘*h\/ow,#’ﬂ
O
/Y N
u\ J\)‘\ e

wherein the broken lines represent chemical bonds.

The polymers of the present mvention may preferably
comprise the following four types of polymers.

(1) Polymers which, in addition to the repeating units

represented by the general formula (1-1), contain repeating
units represented by the following general formula (2-1).
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(2-1)

wherein k is as defined above; R" represents a hydrogen
atom, a methyl group or CH,CO.R’; R*' represents a
hydrogen atom, a methyl group or CO,R”"; R” represents a
straight-chain, branched or cyclic alkyl group having 1 to 15
carbon atoms, and may be common to R* and R” or different
therebetween; R” represents an acid-labile group; R> repre-
sents a halogen atom, a hydroxyl group, a straight-chain,
branched or cyclic alkoxy, acyloxy or alkylsulfonyloxy
oroup having 1 to 15 carbon atoms, or a straight-chain,
branched or cyclic alkoxyalkoxy or alkoxycarbonyloxy
ogroup having 2 to 15 carbon atoms, 1n which some or all of
the hydrogen atoms on the constituent carbon atoms may be
replaced by halogen atoms; Z represents a single bond or a
straight-chain, branched or cyclic (p+2)-valent hydrocarbon
radical having 1 to 5 carbon atoms, and when Z 1s a
hydrocarbon radical, one or more methylene groups may be
replaced by an oxygen atom to form a linear or cyclic ether,
or two hydrogen atoms on an 1dentical carbon atom may be
replaced by an oxygen atom to form a ketone; and p1s O, 1
or 2.

(2) Polymers which, in addition to the repeating units
represented by the general formula (1-1), contain repeating

units represented by the following general formulas (2-1)
and (3).

(2-1)

OR*
AN
O Y O
wherein k, p, R'", R*, R*, R* and R are as defined above;
Y represents —O— or —(NR®)—; and R° represents a
hydrogen atom or a straight-chain, branched or cyclic alkyl
group having 1 to 15 carbon atoms.

(3) Polymers which, in addition to the repeating units
represented by the general formula (1-1), contain repeating
units represented by the following general formula (4), or
both repeating units represented by the following general
formula (4) and repeating units represented by the following

general formula (2-1), and further contain repeating units
represented by the following general formula (3).
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(2-1)

! Ik !
R? R}

Z—(R>),

(é—%)
H
O

L

O Y
R2 i
( )
H
R4

whereink, p, R, R*, R*, R*, R> and Y are as defined above;
R'" represents a hydrogen atom, a methyl group or
CH,CO.R’"; R*" represents a hydrogen atom, a methyl
group or CO,R>"; R”" represents a straight-chain, branched
or cyclic alkyl group having 1 to 15 carbon atoms, and may
be common to R'" and R*" or different therebetween; and
R* represents an acid-labile group.

(4) Polymers which, in addition to the repeating units
represented by the general formula (1-2), contain repeating

units represented by the following general formula (2-2).

R

PN

!

Rl

OR*
O

)
O

0

(2-2)

wherein k, p, R", R*', R®', R* and R are as defined above.

R'" to R’ and R'" to R°" are as defined above for R to
R>. R* and R™ each represents an acid-labile group, and
specific examples thereof will be given later. R> represents
a halogen atom, a hydroxyl group, a straight-chain, branched
or cyclic alkoxy, acyloxy or alkylsulfonyloxy group having
1 to 15 carbon atoms, or a straight-chain, branched or cyclic
alkoxyalkoxy or alkoxycarbonyloxy group having 2 to 15
carbon atoms, 1n which some or all of the hydrogen atoms
on the constituent carbon atoms may be replaced by halogen
atoms. Specific examples thereof include fluorine, chlorine,
bromine, methoxy, ethoxy, propoxy, 1sopropoxy, n-butoxy,
sec-butoxy, tert-butoxy, tert-amyloxy, n-pentoxy,
n-hexyloxy, cyclopentyloxy, cyclohexyloxy,
cthylcyclopentyloxy, butylcyclopentyloxy,
ethylcyclohexyloxy, butylcyclohexyloxy, adamantyloxy,
ethyladamantyloxy, butyladamantyloxy, formyloxy,
acetoxy, ethylcarbonyloxy, pivaloyloxy,
methanesulfonyloxy, cthanesulfonyloxy,
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n-butanesulfonyloxy, trifluoroacetoxy, trichloroacetoxy, 2,2,
2-trifluoroethylcarbonyloxy, methoxymethoxy,
1-ethoxyethoxy, 1-ethoxypropoxy, 1-tert-butoxyethoxy,
1-cyclohexyloxyethoxy, 2-tetrahydrofuranyloxy,
2-tetrahydropyranyloxy, methoxycarbonyloxy, ethoxycar-
bonyloxy and tert-butoxycarbonyloxy. Y represents —O

or —(NR®)—, and R°® represents a hydrogen atom or a
straight-chain, branched or cyclic alkyl group having 1 to 15
carbon atoms. Specific examples of R® are the same groups
as enumerated for R®. Z represents a single bond or a
straight-chain, branched or cyclic (p+2)-valent hydrocarbon

radical having 1 to 5 carbon atoms, and when Z 1s a
hydrocarbon radical, one or more methylene groups may be
replaced by an oxygen atom to form a linear or cyclic ether,
or two hydrogen atoms on an 1dentical carbon atom may be
replaced by an oxygen atom to form a ketone. When p 1s 0,
specilic examples of Z 1include methylene, ethylene,
trimethylene, tetramethylene, pentamethylene,
hexamethylene, 1,2-propanediyl, 1,3-butanediyl, 1-oxo-2-
oxapropane-1,3-diyl and 3-methyl-1-0x0-2-4 oxabutane-1,
4-diyl. When p 1s other than 0, specific examples of Z
include (p+2)-valent groups formed by removing p hydro-
ogen atoms from the above-enumerated groups.

Although various acid-labile groups may be used for R”
and R", specific examples thereof include groups repre-
sented by the following general formulas (LL1) to (L4),
tertiary alkyl groups having 4 to 20 carbon atoms and

preferably 4 to 15 carbon atoms, trialkylsilyl groups in
which each alkyl group has 1 to 6 carbon atoms, and

oxoalkyl groups having 4 to 20 carbon atoms.

(L1)
RLO1
- (‘:_ ORLUS
ILLoz
(L2)
O
|
----- (CHp);—C— OR™*
(L3)
RLOS \
X (CH,
/
(CH=CH),,
L4
RL13 RL14 (L4)
RLI1I RE1S R 109
. RLO7
1 110
RLmRLl6 R
Lios RL0S

In these formulas, the broken lines represent chemical
bonds (hereinafter the same). R*®" and R*°* each represent
a hydrogen atom or a straight-chain, branched or cyclic alkyl
group having 1 to 18 carbon atoms and preferably 1 to 10
carbon atoms. Specific examples thereof include methyl,
cthyl, propyl, 1sopropyl, n-butyl, sec-butyl, tert-butyl,
cyclopentyl, cyclohexyl, 2-ethylhexyl and n-octyl. R*“°
represents a univalent hydrocarbon radical having 1 to 18
carbon atoms and preferably 1 to 10 carbon atoms and
optionally containing one or more heteroatoms such as
oxygen atoms, and includes straight-chain, branched or
cyclic alkyl groups and such alkyl groups 1n which some of
the hydrogen atoms are replaced by hydroxyl, alkoxy, oxo,
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3

amino, alkylamino or like groups. Specific examples thereof
are the following substituted alkyl groups.

’**\/\/OH *'#‘\/O\/\/

-

. O
OH "_... \/ \/\OH

"\/\/\/OH *\{YO

O

R*“! and R*%* R*! and R*®>, or R*“# and R*"> may form

a ring. When they form a ring, R*®", R*®* and R*"” each
represent a straight-chain or branched alkylene group having

1 to 18 carbon atoms and preferably 1 to 10 carbon atoms.
R“®* represents a tertiary alkyl group having 4 to 20
carbon atoms and preferably 4 to 15 carbon atoms, a
trialkylsilyl group in which each alkyl group has 1 to 6
carbon atoms, an oxoalkyl group having 4 to 20 carbon
atoms, or a group represented by the above general formula
(L1). Specific examples of the tertiary alkyl group include
tert-butyl, tert-amyl, 1,1-diethylpropyl, 2-cyclopentylprop-
2-yl, 2-cyclohexylprop-2-yl, 2-(bicyclo[2.2.1 |hept-2-y])
prop-2-yl, 2-(adamant-1-yl)prop-2-yl, 1-ethylcyclopentyl,
1-butylcyclopentyl, 1-ethylcyclohexyl, 1-butylcyclohexyl,
1-ethyl-2-cyclopentenyl, 1-ethyl-2-cyclohexenyl, 2-methyl-
2-adamantyl and 2-ethyl-2-adamantyl. Specific examples of
the trialkylsilyl group include trimethylsilyl, triethylsilyl and
dimethyl-tert-butylsilyl. Specific examples of the oxoalkyl
croup Include 3-oxocyclohexyl, 4-methyl-2-oxooxan-4-yl
and 5-methyl-2-oxooxolan-5-yl. y 1s an mteger of 0 to 6.

R”*% represents a univalent hydrocarbon radical having 1
to 8 carbon atoms and optionally containing a heteroatom, or
an optionally substituted aryl group having 6 to 20 carbon
atoms. Specific examples of the univalent hydrocarbon
radical optionally containing a heteroatom include straight-
chain, branched or cyclic alkyl groups such as methyl, ethyl,
propyl, 1sopropyl, n-butyl, sec-butyl, tert-butyl, tert-amyl,
n-pentyl, n-hexyl, cyclopentyl and cyclohexyl; and such
alkyl groups 1n which one or more of the hydrogen atoms are
replaced by hydroxyl, alkoxy, carboxyl, alkoxycarbonyl,
0Xx0, amino, alkylamino, cyano, mercapto, alkylthio, sulfo or
like groups. Specific examples of the optionally substituted
aryl group include phenyl, methylphenyl, naphthyl, anthryl,
phenanthryl and pyrenyl. m1s Oor 1, and n1s O, 1, 2 or 3,
and these numbers must satisly the condition defined by
2m+n=2 or 3.

R*"° represents a univalent hydrocarbon radical having 1
to 8 carbon atoms and optionally containing a heteroatom, or
an optionally substituted aryl group having 6 to 20 carbon
atoms. Specific examples of R*“° are the same groups as
enumerated for R*°°. R*®”7 to R*°® each independently
represents a hydrogen atom or a univalent hydrocarbon
radical having 1 to 15 carbon atoms and optionally contain-
ing a heteroatom. Specific examples of the hydrocarbon
radical include straight-chain, branched or cyclic alkyl
groups such as methyl, ethyl, propyl, 1sopropyl, n-butyl,
sec-butyl, tert-butyl, tert-amyl, n-pentyl, n-hexyl, n-octyl,
n-nonyl, n-decyl, cyclopentyl, cyclohexyl,
cyclopentylmethyl, cyclopentylethyl, cyclopentylbutyl,
cyclohexylmethyl, cyclohexylethyl, and cyclohexylbutyl;
and such alkyl groups 1n which one or more of the hydrogen
atoms are replaced by hydroxyl, alkoxy, carboxyl,
alkoxycarbonyl, oxo, amino, alkylamino, cyano, mercapto,
alkylthio, sulfo or like groups. R“**” to R**° (e.g., R*®’ and
RZ98 RLO7 and RL°, RLO® RL10 and RE10, RL%® and RE1°,
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R*'" and R“"* or R*'* and R*'*) may be joined together to
form a ring. In such a case, each of them represents a

divalent hydrocarbon radical having 1 to 15 carbon atoms
and optionally containing a heteroatom. Specific examples
thereof are groups formed by removing one hydrogen atom

from the above-enumerated univalent radicals.
Alternatively, R*®’ to R***° (e.g., R*®” and R**”, R*®® and

R“*>, or R*'® and R*") may be joined together in such a
way that two groups attached to adjacent carbon atoms are
directly connected to form a double bond.

Specific examples of the straight-chain or branched acid-
labile groups represented by formula (IL1) are as follows.

“'H#\O/ ;"#\O/\ .-"'"\O/\/

"##\O/\/\ ..-"'#\O/I\
/

,.--*\OJ< ,,--J\O/ N
N

..-"'#\O/ _,.."J\O/\ "‘"H’\O/\

Specific examples of the cyclic acid-labile groups repre-
sented by formula (L1) include tetrahydrofuran-2-yl,
2-methyltetrahydrofuran-2-yl, tetrahydropyran-2-yl and
2-methyltetrahydropyran-2-yl.

Specific examples of the acid-labile groups represented by
formula (L2) include tert-butoxycarbonyl, tert-butoxy-
carbonylmethyl, tert-amyloxycarbonyl, tert-
amyloxycarbonyl-methyl, 1,1-diethylpropyloxycarbonyl,
1,1-diethylpropyloxy-carbonylmethyl,

l-ethylcyclopentyloxycarbonyl, 1-ethyl-
cyclopentyloxycarbonylmethyl, 1-ethyl-2-
cyclopentenyloxy-carbonyl, 1-ethyl-2-
cyclopentenyloxycarbonylmethyl, 1l-ethoxy-

cthoxycarbonylmethyl,
2-tetrahydropyranyloxycarbonylmethyl and
2-tetrahydrofuranyloxycarbonylmethyl.

Specific examples of the acid-labile groups represented by
formula (L3) include 1-methylcyclopentyl, 1-ethyl-
cyclopentyl, l-n-propylcyclopentyl,
1-1sopropylcyclopentyl, 1-n-butylcyclopentyl, 1-sec-
butylcyclopentyl, 1-methyl-cyclohexyl, 1-ethylcyclohexyl,
3-methyl-1-cyclopenten-3-yl, 3-ethyl-1-cyclopenten-3-yl,
3-methyl-1-cyclohexen-3-yl and 3-ethyl-1-cyclohexen-3-yl.

Specific examples of the acid-labile groups represented by
formula (LL4) are as follows.
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Speciiic examples of the tertiary alkyl groups having 4 to
20 carbon atoms, the trialkylsilyl groups 1n which each alkyl
ogroup has 1 to 6 carbon atoms, and the oxoalkyl groups
having 4 to 20 carbon atoms are the same groups as
enumerated for R*%*.

Specilic examples of the repeating units represented by
the general formula (1-1) are given below. However, it is to
be understood that the present mvention 1s not limited

thereto.
( é_% )

30 O>=
Co
® g

O

>=0
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Specific examples of the repeating units represented by
the general formula (2-1) are given below. However, it is to
be understood that the present mvention 1s not limited
thereto.
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Specific examples of the repeating units represented by
the general formula (2-2) are given below. However, it is to
be understood that the present mvention 1s not limited
thereto.
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If necessary, the polymers of the present invention may
15 lurther contain one or more types of repeating units selected
from the repeating units represented by the following gen-

eral formulas (M1) to (M8-2).

Specific examples of the repeating units represented by . o (M1)
the general formula (4) are given below. Howevwer, it is to be 20 R R
understood that the present invention 1s not limited thereto. ( > < )
H CO,R"
H H
( > ) ( > ) 75
M2
H O H O 2002 R 001 (M2)
O O
S
H CO,R"?
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(M3)
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H O H O
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2SO S
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-continued
(M8-1)

(M5-2)

(M6-2)

(M7-2)

(MS8-2)

RUUI

H CO,R1

In the above formulas, R*" represents a hydrogen atom,
a methyl group or CH,CO_R"%®. R"°* represents a hydrogen
atom, a methyl group or CO,R"">. R®°> represents a straight-
chain, branched or cyclic alkyl group having 1 to 15 carbon
atoms. R"“" represents a hydrogen atom or a univalent
hydrocarbon radical having 1 to 15 carbon atoms and
containing a carboxyl or hydroxyl group. At least one of
R°% to R°°® represents a univalent hydrocarbon radical
having 1 to 15 carbon atoms and containing a carboxyl or
hydroxyl group, and the others each independently repre-
sents a hydrogen atom or a straight-chain, branched or cyclic
alkyl group having 1 to 15 carbon atoms. R°®> to R°°® may
be joined together to form a ring. In such a case, at least one
of R%% to R°%® represents a divalent hydrocarbon radical
having 1 to 15 carbon atoms and At containing a carboxyl or
hydroxyl group, and the others each independently represent
a single bond or a straight-chain, By branched or cyclic
alkylene group having 1 to 15 carbon F: atoms.

R"°® represents a univalent hydrocarbon radical having 2
to 15 carbon atoms and containing at least one partial

structure selected from ether, aldehyde, ketone, ester,
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carbonate, acid anhydride, amide and 1imide structures. At
least one of R**” to R"** represents a univalent hydrocarbon
radical having 2 to 15 carbon atoms and containing at least
one partial structure selected from ether, aldehyde, ketone,
ester, carbonate, acid anhydride, amide and 1imide structures,
and the others each independently represents a hydrogen
atom or a straight-chain, branched or cyclic alkyl group
having 1 to 15 carbon atoms. R"'® to R°*> may be joined
together to form a ring. In such a case, at least one of R%*°
to R** represents a divalent hydrocarbon radical having 1 to
15 carbon atoms and containing at least one partial structure
selected from ether, aldehyde, ketone, ester, carbonate, acid
anhydride, amide and 1mide structures, and the others each
independently represent a single bond or a straight-chain,
branched or cyclic alkylene group having 1 to 15 carbon
atoms.

R°'* represents a polycyclic hydrocarbon radical having 7
to 15 carbon atoms, or an alkyl group containing a polycy-
clic hydrocarbon radical. R°'® represents an acid-labile
ogroup. X represents CH,, or an oxygen atom. k 1s O or 1.

In the above formulas, R°* represents a hydrogen atom,
a methyl group or CH,CO,R""® Specific examples of R’
will be given below. R°%* represents a hydrogen atom, a
methyl group or CO,R">. R” represents a straight-chain,
branched or cyclic alkyl group having 1 to 15 carbon atoms.
Specific examples thereof include methyl, ethyl, propyl,
1sopropyl, n-butyl, sec-butyl, tert-butyl, tert-amyl, n-pentyl,
n-hexyl, cyclopentyl, cyclohexyl, ethylcyclopentyl,
butylcyclopentyl, ethylcyclohexyl, butylcyclohexyl,
adamantyl, ethyladamantyl and butyladamantyl.

R°* represents a hydrogen atom or a univalent hydro-
carbon radical having 1 to 15 carbon atoms and containing
a carboxyl or hydroxyl group. Specific examples thereof
include carboxyethyl, carboxybutyl, carboxycyclopentyl,
carboxycyclohexyl, carboxynorbornyl, carboxyadamantyl,
hydroxyethyl, hydroxybutyl, hydroxycyclopentyl, hydroxy-
cyclohexyl, hydroxynorbornyl and hydroxyadamantyl.

At least one of R° to R°%® represents a univalent
hydrocarbon radical having 1 to 15 carbon atoms and
containing a carboxyl or hydroxyl group, and the others each
independently represents a hydrogen atom or a straight-
chain, branched or cyclic alkyl group having 1 to 15 carbon
atoms. Specific examples of the univalent hydrocarbon
radical having 1 to 15 carbon atoms and containing a
carboxyl or hydroxyl group include, carboxyl,
carboxymethyl, carboxyethyl, carboxybutyl,
hydroxymethyl, hydroxyethyl, hydroxybutyl,
2-carboxyethoxycarbonyl, 4-carboxybutoxycarbonyl,
2-hydroxy-ethoxycarbonyl, 4-hydroxybutoxycarbonyl,
carboxycyclopentyl-oxycarbonyl,
carboxycyclohexyloxycarbonyl, carboxynorbornyl-
oxycarbonyl, carboxyadamantyloxycarbonyl,
hydroxycyclopentyl-oxycarbonyl,
hydroxycyclohexyloxycarbonyl, hydroxynorbornyl-
oxycarbonyl and hydroxyadamantyloxycarbonyl. Speciiic
examples of the straight-chain, branched or cyclic alkyl
oroup having 1 to 15 carbon atoms are the same groups as
enumerated for R°>. R"® to R°°® may be joined together to
form a ring. In such a case, at least one of R°%> to R°%%
represents a divalent hydrocarbon radical having 1 to 15
carbon atoms and containing a carboxyl or hydroxyl group,
and the others each independently represents a single bond
or a straight-chain, branched or cyclic alkylene group having
1 to 15 carbon atoms. Specific examples of the divalent
hydrocarbon radical having 1 to 15 carbon atoms and
containing a carboxyl or hydroxyl group are groups formed
by removing one hydrogen atom from the above-enumerated
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univalent hydrocarbon radicals containing a carboxyl or
hydroxyl group. Specific examples of the straight-chain,
branched or cyclic alkylene group having 1 to 15 carbon
atoms are groups formed by removing one hydrogen atom
from the groups enumerated for R™

R°%” represents a univalent hydrocarbon radical having 2
to 15 carbon atoms and containing at least one partial
structure selected from ether, aldehyde, ketone, ester,
carbonate, acid anhydride, amide and 1imide structures. Spe-
cific examples thereof 1nclude methoxymethyl,
methoxyethoxymethyl, 2-oxooxolan-3-yl, 2-oxooxolan-4-
yl, 4,4-dimethyl-2-oxooxolan-3-yl, 4-methyl-2-oxooxan-4-
yl, 2-ox0-1,3-dioxolan-4-ylmethyl and 5-methyl-2-
oxooxolan-5-yl.

At least one of R°® to R" represents a univalent
hydrocarbon radical having 2 to 15 carbon atoms and
containing at least one partial structure selected from ether,
aldehyde, ketone, ester, carbonate, acid anhydride, amide
and 1mide structures, and the others each independently
represents a hydrogen atom or a straight-chain, branched or
cyclic alkyl group having 1 to 15 carbon atoms. Speciiic
examples of the umivalent hydrocarbon radical having 2 to
15 carbon atoms and containing at least one partial structure
selected from ether, aldehyde, ketone, ester, carbonate, acid
anhydride, amide and i1imide structures include
methoxymethyl, methoxymethoxymethyl, formyl,
methylcarbonyl, formyloxy, acetoxy, pivaloyloxy,
formyloxymethyl, acetoxymethyl, pivaloyloxymethyl,
methoxy-carbonyl, 2-oxooxolan-3-yloxycarbonyl, 4,4-
dimethyl-2-oxooxolan-3-yloxycarbonyl, 4-methyl-2-
oxooxan-4-yloxycarbonyl, 2-oxo0-1,3-dioxolan-4-
ylmethyloxycarbonyl and 5-methyl-2-oxooxolan-5-
yloxycarbonyl. Specific examples of the straight-chain,
branched or cyclic alkyl group having 1 to 15 carbon atoms
are the same groups as enumerated for R™°°.

R°'° to R”'> may be joined together to form a ring. In such
a case, at least one of R"'" to R"'” represents a divalent
hydrocarbon radical having 1 to 15 carbon atoms and
containing at least one partial structure selected from ether,
aldehyde, ketone, ester, carbonate, acid anhydride, amide
and 1mide structures, and the others each independently
represents a single bond or a straight-chain, branched or
cyclic alkylene group having 1 to 15 carbon atoms. Speciiic
examples of the divalent hydrocarbon radical having 1 to 15
carbon atoms and containing at least one partial structure
selected from ether, aldehyde, ketone, ester, carbonate, acid
anhydride, amide and 1mide structures include
2-oxapropane-1,3-diyl, 1,1-dimethyl-2-oxapropane-1,3-
diyl, 1-oxo-2-oxapropane-1,3-diyl, 1,3-dioxo-2-
oxapropane-1,3-diyl, 1-oxo-2-oxabutane-1,4-diyl and 1,3-
dioxo-2-oxabutane-1,4-diyl, as well as groups formed by
removing one hydrogen atom from the above-enumerated
univalent hydrocarbon radicals having 1 to arm 15 carbon
atoms and containing at least one partial structure selected
from ether, aldehyde, ketone, ester, carbonate, acid
anhydride, amide and 1imide structures. Specific examples of
the straight-chain, branched or cyclic alkylene group having
1 to 15 carbon atoms are groups formed by removing one
hydrogen atom from the groups enumerated for R”°.

R°'* represents a polycyclic hydrocarbon radical having 7
to 15 carbon atoms, or an alkyl group containing a polycy-
clic hydrocarbon radical. Specific examples thereof 1nclude
norbornyl, bicyclo[3.3.1]nonyl, tricyclo[5.2.1.0%°]decyl,
adamantyl, ethyladamantyl, butyladamantyl, norbornylm-
ethyl and adamantylmethyl. R°*® represents an acid-labile
ogroup. Specific examples thereof are the same groups as
enumerated previously. X represents CH, or an oxygen
atom. k 1s O or 1.
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The repeating units represented by the general formulas
(M1) to (M8-2) serve to impart various characteristics, such
as afhnity for developers, adhesion to the substrate, and
ctching resistance, to the resulting resist material.
Accordingly, the properties of the resist material can be
closely controlled by regulating the contents of these repeat-
ing units properly.

The polymers of the present invention have a weight-
average molecular weight of 1,000 to 500,000 and prefer-
ably 3,000 to 100,000, as measured on a polystyrene basis
by gel permeation chromatography (GPC). If the molecular
welght 1s outside this range, the resulting resist material may
show an extreme reduction 1n etching resistance or may fail
to secure a suificient difference between dissolution rates

before and after exposure, resulting 1n a reduction 1n resolv-
Ing power.

The polymers of the present invention may be prepared by
a copolymerization reaction using a {irst monomer compris-
ing a compound represented by the following general for-
mula (1a), one to three monomers selected from second to
fourth monomers comprising compounds represented by the
following general formulas (2a) to (4a), and if necessary, one
or more additional monomers selected from compounds
represented by the following general formula (Mla) to

(M8a).

(1a)

(22)

(32)

(42)

wherein k, p, R* to R>, R to R*, R'" to R*", W. Y and Z
are as defined above.



US 6,677,101 B2

23

Mla
R002 RUUI ( )
=
H CO,R"4
M?2a
R002 RUUI ( )
S
H CO,R"
M3a
R002 RUUI ( )
=
H CO,R14
(Md4a)
R002 RUUI
(%—e— )
H CO,R1
(M3a)
X \}41«;
RUU5 RUUS
RUU!S RUUT
(M6a)
X k
RUlDé%RUIS
RUll R012
(M7a)
X k
RUGZQRUUI
H CO,RY14
(M8a)
X k
RUGZ RUUI
H CO,R>

wherein k, R°°! to R°*, and X are as defined above.
In this copolymerization reaction, a polymer which exhib-

its desired properties when used 1n resist materials can be
prepared by regulating the proportions of various monomers

properly.

When the polymers of the present invention are prepared
by a copolymerization reaction, there may be used not only
(1) the monomers of the above formula (1a), (i1) the mono-
mers of the above formulas (2a) to (4a), and (i1i) the
monomers of the above formulas (M1a) to (M8a), but also
(iv) monomers having a carbon-to-carbon double bond,
other than the aforesaid monomers (1) to (ii1). Such mono-
mers of (iv) include, for example, substituted acrylic esters
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such as methyl methacrylate, methyl crotonate, dimethyl
maleate and dimethyl 1taconate; unsaturated carboxylic
aclds such as maleic acid, fumaric acid and 1itaconic acid;
substituted norbornenes such as norbornene and methyl
norbornene-5-carboxylate; and unsaturated acid anhydrides
such as 1taconic anhydride.

In the polymers of the present invention, the repeating,
units derived from various monomers may be present, for
example, in the respective contents (in mole %) given below.
However, 1t 1s to be understood that the present invention 1s
not limited thereto.

(I) In the case of a polymer containing repeating units
represented by the above general formula (1-1) and repeat-
ing units represented by the above general formula (2-1), it
may contain:

@ 1 to 90 mole %, preterably 5 to 80 mole %, and more
preferably 10 to 70 mole % of repeating units derived

from the monomer of formula (1a) and represented by
formula (1-1);

@ 1 to 90 mole %, ferably 5 to 80 mole %, and more

preferably 10 to 70 mole % of repeating units derived

from the monomer of formula (2a) and represented by
formula (2-1);

@ 0 to 50 mole %, preferably O to 40 mole %, and more

preferably 0 to 30 mole % of repeating units derived
from the monomers of formulas (M5a) to (M8a) and
represented by formulas (M5-1) to (MS8-1); and

@ 0 to 50 mole %, preferably O to 40 mole %, and more
preferably 0 to 30 mole % of repeating units derived
from other monomers.

(IT) In the case of a polymer containing repeating units
represented by the above general formula (1-1), repeating
units represented by the above general formula (2-1), and
repeating units represented by the above general formula (3),
1t may contain:

@ 1 to 49 mole %, preferably 3 to 45 mole %, and more
preferably 5 to 40 mole % of repeating units derived

from the monomer of formula (1a) and represented by
formula (1-1);

@ 1 to 49 mole %, preferably 3 to 45 mole %, and more

preferably 5 to 40 mole % of repeating units derived
from the monomer of formula (2a) and represented by
formula (2-1);

@ 50 mole % of repeating units derived from the
monomer of formula (3a) and represented by formula
(3);

@ 0 to 25 mole %, preferably O to 20 mole %, and more

preferably 0 to 15 mole % of repeating units derived

from the monomers of formulas (M5a) to (M8a) and
represented by formulas (M5-1) to (M8-1); and

@ 0 to 25 mole %, preferably O to 20 mole %, and more

preferably 0 to 15 mole % of repeating units derived
from other monomers.

(IIT) In the case of a polymer containing repeating units
represented by the above general formula (1-1), repeating
units represented by the above general formula (4) and
repeating units represented by the above general formula
(3); or a polymer containing repeating units represented by
the above general formula (1-1), repeating units represented
by the above general formula (2-1), repeating units repre-
sented by the above general formula (4) and repeating units
represented by the above general formula (3); it may con-
tain:

@ 1 to 49 mole %, preferably 3 to 45 mole %, and more
preferably 5 to 40 mole % of repeating units derived



US 6,677,101 B2

25

from the monomer of formula (1a) and represented by
formula (1-1);

@ 0 to 40 mole %, preferably O to 35 mole %, and more
preferably 0 to 30 mole % of repeating units derived

from the monomer of formula (2a) and represented by
formula (2-1);

@ 1 to 80 mole %, preferably 1 to 70 mole %, and more
preferably 1 to 50 mole % of repeating units derived

from the monomer of formula (4a) and represented by
formula (4);

@ 1 to 49 mole %, preferably 5 to 45 mole %, and more

preferably 10 to 40 mole % of repeating units derived
from the monomer of formula (3a) and represented by
formula (3);

@ 0 to 25 mole %, preferably 0 to 20 mole %, and more

preferably O to 15 mole % of repeating units derived
from the monomers of formulas (M1a) to (M8a) and
represented by formulas (M1) to (M8-1); and

@ 0 to 25 mole %, preferably 0 to 20 mole %, and more
preferably 0 to 15 mole % of repeating units derived
from other monomers.

(IV) In the case of a polymer containing repeating units
represented by the above general formula (1-2) and repeat-
ing units represented by the above general formula (2-2), it
may contain:

@ 1 to 90 mole %, preferably 5 to 80 mole %, and more
preferably 10 to 70 mole % of repeating units derived
from the monomer of formula (1a) and represented by
formula (1-2);

@ 1 to 90 mole %, preferably 5 to 80 mole %, and more
preferably 10 to 70 mole % of repeating units derived
from the monomer of formula (2a) and represented by
formula (2-2);

@ 0 to 50 mole %, preferably O to 40 mole %, and more
preferably 0 to 30 mole % of repeating units derived

from-the monomers of formulas (M5a) to (M8a) and
represented by formulas (M5-2) to (MS8-2); and

@ 0 to 50 mole %, preferably 0 to 40 mole %, and more
preferably 0 to 30 mole % of repeating units derived
from other monomers.

The monomers from which the repeating units of the
general formulas (1-1) and (1-2) characterizing the polymers
of the present 1nvention are derived may be synthesized by
cffecting the Diels-Alder reaction between a compound
having a double bond (e.g., an acrylic acid derivative, a vinyl
ether or a vinyl ester) and furan to construct a 7-oxabicyclo
|2.2.1]heptane ring, and then modifying the substituent
moieties according to well-known organic chemical tech-
niques.

The copolymerization reactions for preparing the poly-
mers of the present invention may take a variety of forms.
However, radical polymerization, anionic polymerization
and coordination polymerization are preferred.

As to the reaction conditions for radical polymerization,
it 1s preferable (a) to use a solvent selected from hydrocar-
bons such as benzene; ethers such as tetrahydrofuran; alco-
hols such as ethanol; and ketones such as methyl 1sobutyl
ketone, (b) to use a polymerization initiator selected from
azo compounds such as 2,2'-azobisisobutyronitrile; and per-
oxides such as benzoyl peroxide and lauroyl peroxide, (¢) to
maintain the reaction temperature in the range of about O to
100° C., and (d) to use a reaction time ranging from about
0.5 hour to about 48 hours. However, it 1s to be understood
that reaction conditions outside the aforesaid ranges are not
precluded.

As to the reaction conditions for anionic polymerization,
it 1s preferable (a) to use a solvent selected from hydrocar-
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bons such as benzene; ethers such as tetrahydrofuran; and
liquid ammonia, (b) to use a polymerization initiator
selected from metals such as sodium and potassium; alkyl
metals such as n-butyl lithium and sec-butyl lithium; ketyls;
and Grignard reagents, (¢) to maintain the reaction tempera-
ture 1n the range of about -78 to 0° C., (d) to use a reaction
time ranging from about 0.5 hour to about 48 hours, and (e)
to use a stopper selected from proton-donating compounds
such as methanol; halides such as methyl 10dide; and other
electrophilic substances. However, it 1s to be understood that
reaction conditions outside the aforesaid ranges are not
precluded.

As to the reaction conditions for coordination
polymerization, it is preferable (a) to use a solvent selected
from hydrocarbons such as n-heptane and toluene, (b) to use
a catalyst selected from Ziegler-Natta catalysts formed from
a transition metal (e.g., titanium) and an alkylaluminum;
Phillips catalysts comprising chromium and nickel com-
pounds carried on a metal oxide; and olefin-metathesis
mixed catalysts typilied by tungsten-rhenium mixed
catalyst, (¢) to maintain the reaction temperature in the range
of about 0 to 100° C., and (d) to use a reaction time ranging,
from about 0.5 hour to about 48 hours. However, 1t 1s to be
understood that reaction conditions outside the aforesaid
ranges are not precluded.

The polymers of the present invention are useful as base
polymers for resist materials, and the present invention
provides resist materials (in particular, chemical amplifica-
tion positive resist materials) containing these polymers.

The resist materials of the present invention may also
contain compounds capable of forming an acid 1n response
to high-energy radiation or electron rays (hereinafter
referred to as acid generators), organic solvents, and other
ingredients as required.

The acid generators which can be used 1n the present
invention include:

(1) onium salts of the following general formula (Pla-1),
(Pla-2) or (P1b);

(1) diazomethane derivatives of the following general
formula (P2);

(111) glyoxime derivatives of the following general for-
mula (P3);

(iv) bis-sulfone derivatives of the following general for-
mula (P4);

(v) sulfonic acid esters of N-hydroxyimide compounds of
the following general formula (P5);

(vi) P-ketosulfonic acid derivatives;

(vi1) disulfone derivatives;

(viil) nitrobenzyl sulfonate derivatives;

(ix) sulfonic acid ester derivatives; and the like.

Pla-1
RlUlb
Rlﬂla_s+_Rlﬂlc
K_
Pla-2
Rlﬂla I+ RlUlb
K_

RlOlﬂ} RlOlb RlOlc

wherein and cach represents a straight-
chain, branched or cyclic alkyl, alkenyl, oxoalkyl or oxoalk-
enyl group having 1 to 12 carbon atoms, an aryl group
having 6 to 20 carbon atoms, or an aralkyl or aryloxoalkyl
ogroup having 7 to 12 carbon atoms, and the hydrogen atoms
present 1n these groups may be partially or completely
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replaced by alkoxy groups or the like. Moreover, R'°*? and
R'%'¢ may form a ring. When they form a ring, R'°*? and
cach represents an alkylene group having 1 to 6 carbon
atoms. K™ represents a non-nucleophilic counter 1on.

The above R'°*?, R'°'? and R'°'° may be the same or

different from each other. Specific examples of the alkyl
oroup Include methyl, ethyl, propyl, isopropyl, n-butyl,
sec-butyl, tert-butyl, pentyl, hexyl, heptyl, octyl,
cyclopentyl, cyclohexyl, cycloheptyl, cyclopropylmethyl,
4-methylcyclohexyl, cyclohexylmethyl, norbornyl and ada-
mantyl. Specific examples of the alkenyl group include
vinyl, allyl, propenyl, butenyl, hexenyl and cyclohexenyl.
Specific examples of the oxoalkyl group include
2-oxycyclopentyl and 2-oxycyclohexyl, as well as
2-oxopropyl, 2-cyclopentyl-2-oxoethyl, 2-cyclohexyl-2-
oxoethyl and 2-(4-methylcyclohexyl)-2-oxoethyl. Specific
examples of the aryl group include phenyl and naphthyl;
alkoxyphenyl groups such as p-methoxyphenyl,
m-methoxyphenyl, o-methoxyphenyl, ethoxyphenyl, p-tert-
butoxyphenyl and m-tert-butoxyphenyl; alkylphenyl groups
such as 2-methylphenyl, 3-methylphenyl, 4-methylphenyl,
cthylphenyl, 4-tert-butylphenyl, 4-butylphenyl and dimeth-
ylphenyl; alkylnaphthyl groups such as a methylnaphthyl
and ethylnaphthyl; alkoxynaphthyl groups such as methox-
ynaphthyl and ethoxynaphthyl; dialkylnaphthyl groups such
as dimethylnaphthyl and diethylnaphthyl; and dialkox-
ynaphthyl groups such as dimethoxynaphthyl and diethox-
ynaphthyl. Specific examples of the aralkyl group include
benzyl, phenylethyl and phenethyl. Speciiic examples of the
aryloxoalkyl group include 2-aryl-2-oxoethyl groups such as
2-phenyl-2-oxoethyl, 2-(1-naphthyl)-2-oxoethyl and 2-(2-
naphthyl)-2-oxoethyl. Specific examples of the non-
nucleophilic counter 10n represented by K™ include halide
ions such as chloride 1on and bromide 1on; fluoroalkylsul-
fonates such as triflate, 1,1,1-trifluoroethanesulfonate and
nonatluorobutanesulfonate; arylsulfonates such as tosylate,
benzenesulfonate, 4-fluorobenzenesulfonate and 1,2,3,4,5-
pentatluorobenzenesulfonate; and alkylsulfonates such as
mesylate and butanesulfonate.

RlOlc

P1b
RlUZa RlUZb
Rlﬂ4a S+ RlU3 S+ R104b
K K

wherein R'°** and R'%%? each represents a straight-chain,
branched or cyclic alkyl group having 1 to 8 carbon atoms,
R*%> represents a straight-chain, branched or cyclic alkylene
group having 1 to 10 carbon atoms, R'%** and R*'%*? each
represents a 2-oxoalkyl group having 3 to 7 carbon atoms,

and K™ represents a non-nucleophilic counter 1on.

Specific examples of the above R'%%a and R*'%#* include

methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, tert-
butyl, pentyl, hexyl, heptyl, octyl, cyclopentyl, cyclohexyl,
cyclopropylmethyl, 4-methylcyclohexyl and cyclohexylm-
cthyl.

Specific examples of the above R'°” include methylene,
cthylene, propylene, butylene, pentylene, hexylene,
heptylene, octylene, nonylene, 1,4-cyclohexylene, 1,2-
cyclohexylene, 1,3-cyclopentylene, 1,4-cyclooctylene and
1,4-cyclohexane-dimethylene. Specific examples of the
above R'°** and R'°*? include 2-oxopropyl,
2-oxocyclopentyl, 2-oxocyclohexyl and 2-oxocycloheptyl.

Specific examples of the above K™ are the same 1ons as
enumerated for formulas (Pla-1) and (Pla-2).
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P2
N
|

R1P—80,—C—S0,—R!®

wherein R'%> and R'°° each represents a straight-chain,
branched or cyclic alkyl or haloalkyl group having 1 to 12
carbon atoms, an aryl or haloaryl group having 6 to 20
carbon atoms, or an aralkyl group having 7 to 12 carbon
atoms.

Specific examples of the alkyl group represented by R'%>
and R'%° include methyl, ethyl, propyl, isopropyl, n-butyl,
sec-butyl, tert-butyl, pentyl, hexyl, heptyl, octyl, amyl,
cyclopentyl, cyclohexyl, cycloheptyl, norbornyl and ada-
mantyl. Specific examples of the haloalkyl group include
trifluoromethyl, 1,1,1-trifluoroethyl, 1,1,1-trichloroethyl and
nonafluorobutyl. Specific examples of the aryl group include
phenyl; alkoxyphenyl groups such as p-methoxyphenyl,
m-methoxyphenyl, o-methoxyphenyl, ethoxyphenyl, p-tert-
butoxyphenyl and m-tert-butoxyphenyl; and alkylphenyl
ogroups such as 2-methylphenyl, 3-methylphenyl,
4-methylphenyl, ethylphenyl, 4-tert-butylphenyl,
4-butylphenyl and dimethylphenyl. Specific examples of the
haloaryl group include fluorophenyl, chlorophenyl and 1,2,
3.,4,5-pentafluorophenyl. Specific examples of the aralkyl

ogroup 1nclude benzyl and-phenethyl.

P3
R108 109

RIV'—S0,—O0—N=—=C—C=—=N—0

SO,—R107

wherein R™/, R and R'™ each represents a straight-
chain, branched or cyclic alkyl or haloalkyl group having 1
to 12 carbon atoms, an aryl or haloaryl group having 6 to 20
carbon atoms, or an aralkyl group having 7 to 12 carbon
atoms. R'°® and R'®” may be joined together to form a cyclic
structure. When they form a cyclic structure, R™® and R™”
cach represents a straight-chain or branched alkylene group
having 1 to 6 carbon atoms.

Specific examples of the alkyl, haloalkyl, aryl, haloaryl
and aralkyl groups represented by R*®7, R'°® and R'"® are
the same as enumerated for R'®® and R'°°. Specific
examples of the alkylene group represented by R'™® and
R*®® include methylene, ethylene, propylene, butylene and
hexylene.

P4
O O
lea_S:_CHZ_:S_leb
O O
wherein R'°'* and R'°'® are as defined above.
P5
I
C
7\
R N—O—S0,—R!!
I
O

wherein R™" represents an arylene group having 6 to 12
carbon atoms, an alkylene group having 1 to 6 carbon atoms,
or an alkenylene group having 2 to 6 carbon atoms, and the
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hydrogen atoms present 1n these groups may further be
partially or completely replaced by straight-chain or
branched alkyl or alkoxy groups having 1 to 4 carbon atoms,
nitro groups, acetyl groups or phenyl groups. R™ represents
a straight-chain, branched or substituted alkyl, alkenyl or
alkoxyalkyl group having 1 to 8 carbon atoms, a phenyl
ogroup or a naphthyl group, and the hydrogen atoms present
in these groups may further be partially or completely
replaced by alkyl or alkoxy groups having 1 to 4 carbon
atoms; phenyl groups which may be substituted by an alkyl
or alkoxy group having 1 to 4 carbon atoms, a nitro group
or an acetyl group; heteroaromatic groups having 3 to 5
carbon atoms; or chlorine or fluorine atoms.

Specific examples of the arylene group represented by
R*° include 1,2-phenylene and 1,8-naphthylene; specific
examples of the alkylene group include methylene, ethylene,
trimethylene, tetramethylene, phenylethylene and
norbornane-2,3-diyl; and specific examples of the alk-
enylene group include 1,2-vinylene, 1-phenyl-1,2-vinylene
and 5-norbornene-2,4-diyl. Specific examples of the alkyl
group represented by R' are the same as enumerated for
R*™'* to R'™“. Specific examples of the alkenyl group
include vinyl, 1-propenyl, allyl, 1-butenyl, 3-butenyl,
1soprenyl, 1-pentenyl, 3-pentenyl, 4-pentenyl, dimethylallyl,
1-hexenyl, 3-hexenyl, 5-hexenyl, 1-heptenyl, 3-heptenyl,
6-heptenyl and 7-octenyl. Specific examples of the alkoxy-
alkyl group include methoxymethyl, ethoxymethyl,
propoxymethyl, butoxymethyl, pentyloxymethyl,
hexyloxymethyl, heptyloxymethyl, methoxyethyl,
cthoxyethyl, propoxyethyl, butoxyethyl, pentyloxyethyl,
hexyloxyethyl, methoxypropyl, ethoxypropyl,
propoxypropyl, butoxypropyl, methoxybutyl, ethoxybutyl,
propoxybutyl, methoxypentyl, ethoxypentyl, methoxyhexyl
and methoxyheptyl.

As to substituent groups, specific examples of the alkyl
oroups having 1 to 4 carbon-atoms include methyl, ethyl,
propyl, 1sopropyl, n-butyl, 1sobutyl and tert-butyl. Specific
examples of the alkoxy groups having 1 to 4 carbon atoms
include methoxy, ethoxy, propoxy, 1sopropoxy, n-butoxy,
1sobutoxy and tert-butoxy. Specific examples of the phenyl
ogroups which may be substituted by an alkyl or alkoxy group
having 1 to 4 carbon atoms, a nitro group or an acetyl group
include phenyl, tolyl, p-tert-butoxyphenyl, p-acetylphenyl
and p-nitrophenyl. Specific examples of the heteroaromatic
groups having 3 to 5 carbon atoms include pyridyl and furyl.

Specifically, useful acid generators mnclude ontum salts,
diazomethane derivatives, glyoxime derivatives, bis-sulfone
derivatives, [-ketosulfonic acid derivatives, disulfone
derivatives, nitrobenzyl sulfonate derivatives, sulfonic acid
ester derivatives, sulfonic acid ester derivatives of
N-hydroxyimide compounds, and the like.

Specific examples of the onium salts include diphenyli-
odonium trifluoromethanesulfonate, (p-tert-butoxyphenyl)
phenyliodonium trifluoromethanesulfonate, diphenyliodo-
nium p-toluenesulfonate, (p-tert-butoxyphenyl)-
phenyliodonium p-toluenesulifonate, triphenylsulfonium
trifluoromethanesulfonate, (p-tert-butoxyphenyl)diphenyl-
sulfonium trifluoromethanesulfonate, bis(p-tert-
butoxyphenyl)-phenylsulfonium trifluoromethanesulonate,
tris (p-tert-butoxyphenyl)sulfonium
trifluoromethanesulfonate, triphenyl-sulfonium
p-toluenesulfonate, (p-tert-butoxyphenyl)diphenyl-
sulfonium p-toluenesulfonate, bis(p-tert-butoxyphenyl)
phenyl-sulfonium p-toluenesulfonate, tris(p-tert-
butoxyphenyl)-sulfonium p-toluenesulfonate,
triphenylsulfontum nonafluoro-butanesulfonate, triphenyl-
sulfonium butanesulfonate, trimethylsulfonium
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trifluoromethanesulfonate, trimethyl-sulfonium
p-toluenesulfonate, cyclohexylmethyl(2-oxo-cyclohexyl)
sulfonium trifluoromethanesulfonate, cyclohexyl-methyl(2-
oxocyclohexyl)sulfonium p-toluenesulfonate, dimethyl-
phenylsulfonium trifluoromethanesulfonate,
dimethylphenyl-sulfonium p-toluenesulfonate, dicyclohexy-
Iphenylsulfonium trifluoromethanesulifonate, dicyclohexy-
Iphenylsulfonium p-toluenesulfonate, trinaphthylsulfonium
trifluoromethane-sulfonate, cyclohexylmethyl(2-
oxocyclohexyl)sulfonium trifluoromethanesulfonate,
(2-norbornyl)methyl(2-oxo-cyclohexyl)sulfonium
trifluoromethanesulfonate, ethylene-bis|methyl(2-
oxocyclopentyl)sulfonium trifluoromethane-sulfonate]| and
1,2'-naphthylcarbonylmethyltetrahydro-thiophenium tri-
flate.

Specific examples of the diazomethane derivatives If
include bis(benzenesulfonyl)diazomethane, bis(p-
toluenesulfonyl)diazomethane, bis(xylenesulfonyl)
diazomethane, bis(cyclohexylsulfonyl)diazomethane, bis
(cyclopentylsulfonyl)-diazomethane, bis(n-butylsulfonyl)
diazomethane, bis(isobutyl-sulfonyl)diazomethane, bis(sec-
butylsulfonyl)diazomethane, bis(n-propylsulfonyl)
diazomethane, bis(isopropylsulfonyl)-diazomethane, bis
(tert-butylsulfonyl)diazomethane, bis(n-amylsulfonyl)
diazomethane, bis(isoamylsulfonyl)diazomethane, bis(sec-
amylsulfonyl)diazomethane, bis(tert-amylsulfonyl)-
diazomethane, 1-cyclohexylsulfonyl-1-(tert-butylsulfonyl)-
diazomethane, 1-cyclohexylsulfonyl-1-(tert-amylsulfonyl)-
diazomethane and 1-tert-amylsulfonyl-1-(tert-
butylsulfonyl)-diazomethane.

Speciiic examples of the glyoxime derivatives include
bis-O-(p-toluenesulfonyl)-a-dimethylglyoxime, bis-O-(p-
toluenesulfonyl)-a-diphenylglyoxime, bis-O-(p-toluene-
sulfonyl)-a-dicyclohexylglyoxime, bis-O-(p-
toluenesulfonyl)-2,3-pentanedioneglyoxime, bis-O-(p-
toluenesulfonyl)-2-methyl-3,4-pentanedioneglyoxime, bis-
O-(n-butanesulfonyl)-a-dimethylglyoxime, bis-O-(n-
butanesulfonyl)-a-diphenyl-glyoxime, bis-O-(n-
butanesulfonyl)-a-dicyclohexylglyoxime, bis-O-(n-
butanesulfonyl)-2,3-pentanedioneglyoxime, bis-O-(n-
butanesulfonyl)-2-methyl-3,4-pentanedioneglyoxime, bis-
O-(methanesulfonyl)-a.-dimethylglyoxime, bis-o-(trifluoro-
methanesulfonyl)-c-dimethylglyoxime, bis-O-(1,1,1-
trifluoro-ethanesulfonyl)-c-dimethylglyoxime, bis-O-(tert-
butane-sulfonyl)-a-dimethylglyoxime, bis-0O-
(perfluorooctane-sulfonyl)-c.-dimethylglyoxime, bis-O-
(cyclohexanesulfonyl)-a-dimethylglyoxime, bis-O-
(benzenesulfonyl)-a-dimethylglyoxime, bis-O-(p-
fluorobenzenesulfonyl)-a-dimethylglyoxime, bis-O-(p-tert-
butylbenzenesulfonyl)-a-dimethylglyoxime, bis-O-(xylene-
sulfonyl)-a-dimethylglyoxime and bis-0O-
(camphorsulfonyl)-a.-dimethylglyoxime.

Specific examples of the bis-sulfone derivatives mclude
bisnaphthylsulfonylmethane,
bistrifluoromethylsulfonylmethane,
bismethylsulfonylmethane, bisethylsulfonylmethane,
bispropyl-sulfonylmethane, bisisopropylsulionylmethane,
bis-p-toluene-sulfonylmethane and bisbenzenesulfonyl-
methane.

Specilic examples of the {3-ketosulfone derivatives
include 2-cyclohexylcarbonyl-2-(p-toluenesulfonyl)propane
and 2-isopropylcarbonyl-2-(p-toluenesulfonyl)propane.

Specilic examples of the disulfone derivatives include
diphenyldisulfone and dicyclohexyldisulione.

Specidic examples of the nitrobenzyl sulfonate derivatives
include 2,6-dinitrobenzyl p-toluenesulfonate and 2,
d-dinitrobenzyl p-toluenesulfonate.
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Specific examples of the sulfonic acid ester derivatives
include 1,2,3-tris(methanesulfonyloxy)benzene, 1,2,3-tris
(trifluoromethanesulfonyloxy)benzene and 1,2,3-tris(p-
toluenesulfonyloxy)benzene.

Specific examples of the sulfonic acid ester derivatives of
N-hydroxyimide compounds include
N-hydroxysuccinimide methanesulfonate,
N-hydroxysuccinimide trifluoromethane-sulfonate,
N-hydroxysuccinimide ethanesulfonate, N-hydroxy-
succinimide 1-propanesulfonate, N-hydroxysuccinimide
2-propanesulfonate, N-hydroxysuccinimide
l-pentanesulfonate, N-hydroxysuccinimide
l-octanesulfonate, N-hydroxysuccinimide
p-toluenesulfonate, N-hydroxysuccinimide
p-methoxybenzene-sulfonate, N-hydroxysuccinimide
2-chloroethanesulfonate, N-hydroxysuccinimide
benzenesulfonate, N-hydroxysuccinimide 2,4,6-
trimethylbenzenesulfonate, N-hydroxysuccinimide
l-naphthalenesulfonate, N-hydroxysuccinimide
2-naphthalene-sulfonate, N-hydroxy-2-phenylsuccinimide
methanesulfonate, N-hydroxymaleimide methanesulfonate,
N-hydroxymaleimide ethanesulfonate, N-hydroxy-2-
phenylmaleimide methanesulfonate, N-hydroxyglutarimide
methanesulfonate, N-hydroxyglutarimide benzenesulfonate,
N-hydroxyphthalimide methanesulfonate,
N-hydroxyphthalimide benzenesulfonate,
N-hydroxyphthalimide trifluoromethanesulfonate,
N-hydroxy-phthalimide p-toluenesulfonate,
N-hydroxynaphthalimide methanesulfonate,
N-hydroxynaphthalimide benzenesulfonate, N-hydroxy-5-
norbornene-2,3-dicarboximide methanesulfonate,
N-hydroxy-5-norbornene-2,3-dicarboximide
trifluoromethane-sulfonate and N-hydroxy-5-norbornene-2,
3-dicarboximide p-toluenesulfonate.

Preferred examples of the acid generators are onium salts
such as triphenylsulfonium trifluoromethanesulfonate,
(p-tert-butoxyphenyl)diphenylsulfonium
trifluoromethanesulfonate, tris(p-tert-butoxyphenyl)
sulfonium trifluoromethanesulfonate, triphenylsulfonium
p-toluenesulfonate, (p-tert-butoxyphenyl)-
diphenylsulfonium p-toluenesulfonate, tris(p-tert-butoxy-
phenyl)sulfonium p-toluenesulfonate, trinaphthylsulfonium
trifluoromethanesulfonate, cyclohexylmethyl(2-
oxocyclohexyl)-sulfonium trifluoromethanesulfonate,
(2-norbornyl)methyl(2-oxocyclohexyl)sulfonium trifluo-
romethanesulfonate and 1,2'-
naphthylcarbonylmethyltetrahydrothiophenium triflate; dia-
zomethane derivatives such as bis(benzenesulfonyl)-
diazomethane, bis(p-toluenesulfonyl)diazomethane, bis
(cyclohexylsulfonyl)diazomethane, bis(n-butylsulfonyl)-
diazomethane, bis(isobutylsulfonyl)diazomethane, bis(sec-
butylsulfonyl)diazomethane, bis(n-propylsulfonyl)
diazomethane, bis(isopropylsulfonyl)diazomethane and bis
(tert-butyl-sulfonyl)diazomethane; glyoxime derivatives
such as bis-O-(p-toluenesulfonyl)-a.-dimethylglyoxime and
bis-O-(n-butane-sulfonyl)-a-dimethylglyoxime; bis-sulfone
derivatives such as bisnaphthylsulfonylmethane; and sul-
fonic acid ester derivatives of N-hydroxyimide compounds
such as N-hydroxy-succinimide methanesulfonate,
N-hydroxysuccinimide trifluoro-methanesulfonate,
hydroxysuccinimide 1-propanesulfonat
hydroxysuccinimide 2-propanesulfonat
hydroxysuccinimide 1-pentanesulfonat
hydroxysuccinimide p-toluenesulfonat
\I hydroxynaphthalimide methanesulfonate and N-hydroxy-
naphthalimide benzenesulfonate.

The above-described acid generators may be used alone
or 1n admixture of two or more. Since the onium salts are
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highly effective 1n 1improving rectangularity and the diaz-
omethane derivative and the glyoxime derivatives are highly
clfective 1 reducing standing waves, the fine adjustment of
proiiles can be made by the combined use of them.

The above-described acid generators are preferably added
in an amount of 0.1 to 15 parts by weight and more
preferably 0.5 to 8 parts by weight, per 100 parts by weight
of the base resin. If their amount added 1s less than 0.1 part
by weight, the resulting resist material may have poor
sensifivity, and if it 1s greater than 15 parts by weight, the
resulting resist material may have low transparency and
show a reduction 1n resolving power.

The organic solvent used 1n the present imvention may
comprise any organic solvent that can dissolve base resins,
acid generators, other additives and the like. Such organic
solvents include, for example, ketones such as cyclohex-
anone and methyl 2-n-amyl ketone; alcohols such as
3-methoxybutanol, 3-methyl-3-methoxybutanol,
1-methoxy-2-propanol and 1-ethoxy-2-propanol; ethers
such as propylene glycol monomethyl ether, ethylene glycol
monomethyl ether, propylene glycol monoethyl ether, eth-
ylene glycol monoethyl ether, propylene glycol dimethyl
cther and diethylene glycol dimethyl ether; esters such as
propylene glycol monomethyl ether acetate, propylene gly-
col monoethyl ether acetate, ethyl lactate, ethyl pyruvate,
butyl acetate, methyl 3-methoxypropionate, ethyl
3-ethoxypropionate, tert-butyl acetate, tert-butyl propionate
and propylene glycol mono-tert-butyl ether acetate; and
lactones such as y-butyrolactone. These organic solvents
may be used alone or in admixture of two or more. However,

it 1s to be understood that the present invention 1s not limited
thereto.

Among these organic solvents, diethylene glycol dimethyl
cther and 1-ethoxy-2-propanol, which have the greatest
dissolving power for acid generators included 1n resist
components, and propylene glycol monomethyl ether
acetate and its solvent mixtures, which are safe solvents, are
preferably used 1n the present invention.

The organic solvent 1s preferably used m an amount of
200 to 1,000 parts by weight and more preferably 400 to 800
parts by weight, per 100 parts by weight of the base resin.

Besides the polymers containing repeating units repre-
sented by the above formula (1-1) or (1-2), other polymers
may be added to the resist materials of the present invention.

Specific examples of such polymers include polymers
represented by the following formula (R1) and/or the fol-
lowing formula (R2) and having a weight-average molecular
weight of 1,000 to 500,000 and preferably 5,000 to 100,000.
However, it 1s to be understood that the present invention 1s
not limited thereto.

(R1)
RUO2 RUUI R002 RUUI
> <CO RU(M > <CO RUGQ
RUOZ RUUI R002 RUUI
> <CO RUM > <CO RUIS
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-continued

( )32’ (
[

(R2)

X k
RUUZ RUUI
H CO,R"4 H CO,R"P>
002 001 002 001
R R R R
( ::> <:: )f’ ( ::> <:: )g’
H CO,R"4 H
H R[]lﬁ

wherein R° represents a hydrogen atom, a methyl group or
CH,CO,R"™. R"®* represents a hydrogen atom, a methyl
group or C,R°%°. R"°° represents a straight-chain, branched
or cyclic alkyl group having 1 to 15 carbon atoms. R*°*
represents a hydrogen atom or a univalent hydrocarbon
radical having 1 to 15 carbon atoms and containing a
carboxyl or hydroxyl group. At least one of R"® to R°°®
represents a univalent hydrocarbon radical having 1 to 15
carbon atoms and containing a carboxyl- or hydroxyl group,
and the others each independently represents a straight-
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chain, branched or cyclic alkyl group having 1 to 15 carbon
atoms. R°%> to R°°® may be joined together to form a ring.
In such a case, at least one of R°” to R"“® represents a
divalent hydrocarbon radical having 1 to 15 carbon atoms
and containing a carboxyl or hydroxyl group, and the others
cach independently represents a single bond or a straight-
chain, branched or cyclic alkylene group having 1 to 15
carbon atoms.

R°%” represents a univalent hydrocarbon radical having 2
to 15 carbon atoms and containing at least one partial
structure selected from ether, aldehyde, ketone, ester,
carbonate, acid anhydride, amide and imide structures. At
least one of R°*® to R”*> represents a univalent hydrocarbon
radical having 2 to 15 carbon atoms and containing at least
one partial structure selected from ether, aldehyde, ketone,
ester, carbonate, acid anhydride, amide and 1mide structures,
and the others each independently represents a hydrogen
atom or a straight-chain, branched or cyclic alkyl group
having 1 to 15 carbon atoms. R*'® to R”*® may be joined
together to form a ring. In such a case, at least one of R"™
to R%!° represents a divalent hydrocarbon radical having 1 to
15 carbon atoms and containing at least one partial structure
selected from ether, aldehyde, ketone, ester, carbonate, acid
anhydride, amide and imide structures, and the others each
independently represents a single bond or a straight-chain,
branched or cyclic alkylene group having 1 to 15 carbon
atoms.

R°** represents a polycyclic hydrocarbon radical having 7
to 15 carbon atoms, or an alkyl group containing a polycy-
clic hydrocarbon radical. R°'® represents an acid-labile
group. R**° represents a hydrogen atom or a methyl group.
R®'7 represents a straight-chain, branched or cyclic alkyl
group having 1 to 8 carbon atoms. X represents CH, or an
oxygen atom. k' 1s O or 1. al', a2', a3', bl', b2', b3, c1', c2',
c3', d1', d2', d3" and €' are each a number ranging from O
(inclusive) to 1 (exclusive), and satisfy the condition defined
by al'+a2'+a3'+bl'+b2'+b3'+cl'+c2'+c3'+d1'+d2'+d3'+e'=1.
', ¢, h', 1' and 7', are each a number ranging from O
(inclusive) to 1 (exclusive), and satisty the condition defined
by f'+g'+h'+1'+'=1.

X', y' and z' are each an integer of 0 to 3, and satisty the
condition defined by 1=x'+y+z'=5 and 1=y'+2'=3.

Specific examples of the respective groups are the same as
described previously.

The compounding ratio of the polymer containing repeat-
ing units represented by the above general formula (1-1) or
(1-2) to other polymers 1s preferably in the range of 0:100 to
90:10 and more preferably 0:100 to 80:20, on a weight basis.
If the amount of the polymer containing repeating units
represented by the above general formula (1-1) or (1-2) is
less than the aforesaid lower limit, the resulting resist
material may fail to exhibit desirable properties. The prop-
erties of the resist material can be controlled by varying the
aforesaid compounding ratio appropriately.

The above-described polymers may be added alone or 1n
admixture of two or more. The properties of the resist
material can be controlled by using a plurality of polymers.

Moreover, dissolution controllers may be added to the
resist materials of the present invention. As the dissolution
controllers, there may preferably be used compounds having
an average molecular weight of 100 to 1,000 and more
preferably 150 to 800 and having two or more phenolic
hydroxyl groups in the molecule, 1n which the hydrogen
atoms 1n the phenolic hydroxyl groups are replaced by
acid-labile groups 1n a proportion of 0 to 100 mole % on the
average of the whole compound, or compounds having a
carboxyl group 1n the molecule, in which the hydrogen atom
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in the carboxyl group 1s replaced by an acid-labile group 1n _continued
a proportion of 50 to 100 mole % on the average of the D7
whole compound. Ol / Q‘((OH}"
\\
5 RMS:/\ / __\Rzms’
The degree of replacement of the hydrogen atoms 1n the
phenolic hydroxyl groups by acid-labile groups 1s, on the (R*®);
average, not less than 0 mole % and preferably not less than R206 A (OH),
30 mole % based on all phenolic hydroxyl groups. Its upper / (
limit is 100 mole % and preferably 80 mole %. The degree 1° —\R201 |
of replacement of the hydrogen atom 1n the carboxyl group S -
by an acid-labile group 1s, on the average, not less than 50
mole % and preferably not less than 70 mole % based on all a
carboxyl groups. Its upper limit 1s 100 mole %. |5
= ‘
In this case, preferred examples of the compounds having 7%! \./
two or more phenolic hydroxyl groups and the compounds ndo1, (OH)y
having a carboxyl group 1include compounds represented by - S o
the following formulas (D1) to (D14).
: (D) to (D14 _ ‘/L\
D1
— CHj R— 7‘}#\/
I/ \ )5 R20L, (OH)y
\! Y/
X/ \ X D10
HO \_/ CH, / ~OH / Y(OH)t,
D= (OH), _\ R201,,
30 "*X/\/Oa ]
N/ P
/\/ \/\RM
R201, j
35 D11
\_~ (OH);
/X
(OH), _\ R201,
A/\/Ou
[y 40 ‘ j
(OH)’[’ ., / m—
NN I
[ R201,
7N\ 45 COOH o
R20L_ ‘ X Y
R202 DA / /
(OH)1*<\/—\ W (OH)y o D13
\ / 50 CH,»);,COOH
Rzms,/\;\ // Loy \ //\Rzmg
D3
RZUZ
(OH)t’\_ T N (OH)y
\ / 55
RZUls’A / \ ’7\R2”15= D14
/\ COOH
Yo
X Yot ‘0
R201, t
D6
(OH)t’\_ - /(OH)t

\ (R204)u -
R 201 /\1\ / \ //\RZUI | 65 R
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wherein R*°" and R*°* each represents a hydrogen atom or
a straight-chain or branched alkyl or alkenyl group having 1
to 8 carbon atoms; R*"> represents a hydrogen atom, a
straight-chain or branched alkyl or alkenyl group having 1 to
8 carbon atoms, or a group of the formula —(R*"")h—
COOH; R*"* represents —(CH.,,))i— (in which i is an integer
of 2 to 10), an arylene group having 6 to 10 carbon atoms,
a carbonyl group, a sulfonyl group, an oxygen atom or a
sulfur atom; R*°> represents an alkylene group having 1 to
10 carbon atoms, an arylene group having 6 to 10 carbon
atoms, a carbonyl group, a sulfonyl group, an oxygen atom
or a sulfur atom; R*"° represents a hydrogen atom, a
straight-chain or branched alkyl or alkenyl group having 1 to
8 carbon atoms, or a hydroxyl-substituted phenyl or naph-
thyl group; R*°’ represents a straight-chain or branched
alkylene group having 1 to 10 carbon atoms; R*"® represents
a hydrogen atom or a hydroxyl group; 1 1s an mteger of O to
5;u and h are each O or 1; s, t, s', t', s" and t" are numbers
which satisty the conditions defined by s+t=8, s'+t'=5, 8" +t"=
4, and which cause at least one hydroxyl group to be present
in each phenyl skeleton; and . 1s a number which causes the
compound of formula (D8) or (D9) to have a molecular
weight of 100 to 1,000.

Specific examples of R*** and R*"* in the above formulas
include hydrogen, methyl, ethyl, butyl, propyl, ethynyl and
cyclohexyl. Specific examples of R*” include the same
groups as enumerated for R*°* and R*"?, as well as —COOH
and —CH,COOH. Specific examples of R*°* include
cthylene, phenylene, carbonyl, sulfonyl, oxygen and sulfur.
Specific examples of R*°> include methylene and the same
groups as enumerated for R*°*. Specific examples of R*°
include hydrogen, methyl, ethyl, butyl, propyl, ethynyl,
cyclohexyl, hydroxyl-substituted phenyl, and hydroxyl-
substituted naphthyl.

A variety of acid-labile groups may be used for the
dissolution controllers. Specific examples thereof include
groups represented by the following general formulas (LL1)
to (L4), tertiary alkyl groups having 4 to 20 carbon atoms,
trialkylsilyl groups in which each alkyl group has 1 to 6
carbon atoms, and oxoalkyl groups having 4 to 20 carbon
atoms.

LO1 (Li)
R
- (‘:_ ORLU3
1‘11_02
o (L2)
----- (CHp);7— C— ORM!
(L3)
RLUS \
T (CHy)y,
/
(CH=CH),,
(L4)
RL13 RLM

RLIS
RLU9

RLUT

RL16 RLIU

rL12 RL%®

RLU!S

wherein R“°! and R*°? each represent a hydrogen atom or a
straight-chain, branched or cyclic alkyl group having 1 to 18
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carbon atoms. R™"” represents a univalent hydrocarbon
radical having 1 to 18 carbon atoms and optionally contain-
ing one or more heteroatoms such as oxygen atoms. R*""
and R*°%, R*°" and R*">, or R** and R*"> may form a ring.
When they form a ring, R“°*, R*®? and R*"" each represents
a straight-chain or branched alkylene group having 1 to 18
carbon atoms. R“°* represents a tertiary alkyl group having
4 to 20 carbon atoms, a trialkylsilyl group in which each
alkyl group has 1 to 6 carbon atoms, an oxoalkyl group
having 4 to 20 carbon atoms, or a group represented by the
above general formula (L1). R*®> represents a univalent
hydrocarbon radical having 1 to 8 carbon atoms and option-
ally containing a heteroatom, or an optionally substituted
aryl group having 6 to 20 carbon atoms. R""° represents a
umvalent hydrocarbon radical having 1 to 8 carbon atoms
and optionally containing a heteroatom, or an optionally
substituted aryl group having 6 to 20 carbon atoms. R*"” to
R*'° each independently represents a hydrogen atom or a
umvalent hydrocarbon radical having 1 to 15 carbon atoms
and optionally containing a heteroatom. R*®” to R**° may be
joined together to form a ring. In such a case, each of them
represents a divalent hydrocarbon radical having 1 to 15
carbon atoms and optionally containing a heteroatom.
Alternatively, R*” to R*'® may be joined together in such
a way that two groups attached to adjacent carbon atoms are
directly connected to form a double bond. y 1s an integer of
Oto6. misOor1,andnis0, 1, 2 or 3. These numbers satisly
the condition defined by 2m+n=2 or 3.

Specific examples of the respective groups are the same as
described previously.

The above-described dissolution controllers are used 1n an
amount of 0 to 50 parts by weight, preferably 0 to 40 parts
by weight, and more preferably O to 30 parts by weight, per
100 parts by weight of the base resin. These dissolution
controllers may be used alone or 1n admixture of two or
more. If their amount used 1s greater than 50 parts by weight,
the 4 resulting resist material may show a decrease in the
film thickness of patterns, resulting in a reduction in resolv-
Ing power.

The above-described dissolution controllers may be syn-
thesized by introducing an acid-labile group mto a com-
pound having phenolic hydroxyl groups or a carboxyl group
according to an organic chemical technique.

Furthermore, basic compounds may be incorporated in
the resist materials of the present invention.

As the basic compounds, it 1s suitable to use compounds
capable of suppressing the diffusion rate at which the acid
produced by the acid generator diffuses into the resist film.
Owing to the incorporation of such a basic compound, the
diffusion rate of the acid 1n the resist film 1s suppressed to
cause an improvement 1n resolution. Thus, a change 1n the
sensitivity of the resist film after exposure 1s suppressed and
its dependence on the substrate and the environment is
minimized, so that an improvement 1 exposure latitude and
pattern proiile can be achieved.

Usetul basic compounds include primary, secondary and
tertiary aliphatic amines, mixed amines, aromatic amines,
heterocyclic amines, nitrogen-containing compounds having
a carboxyl group, nitrogen-containing compounds having a
sulfonyl group, nitrogen-containing compounds having a
hydroxyl group, nitrogen-containing compounds having a
hydroxyphenyl group, alcoholic nitrogen-containing
compounds, amide derivatives, imide derivatives and the
like.

Specidic examples of the primary aliphatic amines include
ammonia, methylamine, ethylamine, n-propylamine,
1sopropyl-amine, n-butylamine, 1sobutylamine, sec-
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butylamine, tert-butylamine, pentylamine, tert-amylamine,
cyclopentylamine, hexylamine, cyclohexylamine,
heptylamine, octylamine, nonylamine, decylamine,
dodecylamine, cetylamine, methylene-diamine, ethylenedi-
amine and tetraecthylenepentamine.

Specific examples of the secondary aliphatic amines
include dimethylamine, diethylamine, di-n-propylamine,
-diisopropylamine, di-n-butylamine, diusobutylamine,
di-sec-butylamine, dipentylamine, dicyclopentylamine,
dihexylamine, dicyclohexylamine, diheptylamine,
dioctylamine, dinonylamine, didecylamine,
didodecylamine, dicetylamine, N,N-dimethyl-
methylenediamine, N,N-dimethylethylenediamine and N,N-
dimethyltetracthylenepentamine.

Specific examples of the tertiary aliphatic amines include
trimethylamine, triethylamine, tri-n-propylamine,
triissopropylamine, tri-n-butylamine, trusobutylamine, tri-
sec-butylamine, tripentylamine, tricyclopentylamine,
trihexylamine, tricyclohexylamine, triheptylamine, trioctyl-
amine, trinonylamine, tridecylamine, tridodecylamine,
tfricetylamine, N,N,N', N'-tetramethylmethylenediamine,
N,N,N"N'-tetramethylethylenediamine and N,N,N',N'-tetra-
methyltetracthylenepentamine.

Specific examples of the mixed amines include
dimethylethylamine, methylethylpropylamine,
benzylamine, phenethylamine and benzyldimethylamine.

Specific examples of the aromatic amines and the hetero-
cyclic amines include aniline derivatives (e.g., aniline,
N-methylaniline, N-ethylaniline, N-propylaniline, N,N-
dimethylaniline, 2-methylaniline, 3-methylaniline,
4-methylaniline, ethylaniline, propylaniline,
trimethylaniline, 2-nitroaniline, 3-nitroaniline,
4-nitroaniline, 2,4-dinitroaniline, 2,6-dinitroaniline, 3,5-
dinitroaniline and N,N-dimethyltoluidine), diphenyl(p-tolyl)
amine, methyldiphenyl-amine, triphenylamine,
phenylenediamine, naphthylamine, diaminonaphthalene,
pyrrole derivatives (e.g., pyrrole, 2H-pyrrole,
1-methylpyrrole, 2,4-dimethylpyrrole, 2,5-dimethylpyrrole
and N-methylpyrrole), oxazole derivatives (e.g., oxazole
and 1soxazole), thiazole derivatives (e.g., thiazole and
isothiazole), imidazole derivatives (e.g., imidazole,
4-methylimidazole and 4-methyl-2-phenylimidazole), pyra-
zole derivatives, furazane derivatives, pyrroline derivatives
(¢.g., pyrroline and 2-methyl-1-pyrroline), pyrrolidine
derivatives (e.g., pyrrolidine, N-methylpyrrolidine, pyrroli-
dinone and N-methylpyrrolidone), imidazoline derivatives,
imidazolidine derivatives, pyridine derivatives (e.g.,
pyridine, methylpyridine, ethylpyridine, propylpyridine,
butylpyridine, 4-(1-butylpentyl)pyridine, dimethylpyridine,
trimethylpyridine, triethylpyridine, phenylpyridine,
3-methyl-2-phenylpyridine, 4-tert-butyl-pyridine,
diphenylpyridine, benzylpyridine, methoxypyridine,
butoxypyridine, dimethoxypyridine, 1-methyl-2-pyridone,
4-pyrrolidinopyridine, 1-methyl-4-phenylpyridine, 2-(1-
ethylpropyl)pyridine, aminopyridine and dimethylamino-
pyridine), pyridazine derivatives, pyrimidine derivatives,
pyrazine derivatives, pyrazoline derivatives, pyrazolidine
derivatives, piperidine derivatives, piperazine derivatives,
morpholine derivatives, indole derivatives, i1soindole
derivatives, 1H-indazole derivatives, indoline derivatives,
quinoline derivatives (e.g., quinoline and 3-quinoline-
carbonitrile), isoquinoline derivatives, cinnoline derivatives,
quinazoline derivatives, quinoxaline derivatives, phthala-
zine derivatives, purine derivatives, pteridine derivatives,
carbazole derivatives, phenanthridine derivatives, acridine
derivatives, phenazine derivatives, 1,10-phenanthroline
derivatives, adenine derivatives, adenosine derivatives, gua-
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nine derivatives, guanosine derivatives, uracil derivatives
and uridine derivatives.

Specidic examples of the nitrogen-containing compounds
having a carboxyl group include aminobenzoic acid, indole-
carboxylic acid and amino acid derivatives (e.g., nicotinic
acid, alanine, arginine, aspartic acid, glutamic acid, glycine,
histidine, 1soleucine, glycylleucine, leucine, methionine,
phenylalanine, threonine, lysine, 3-aminopyrazine-2-
carboxylic acid and methoxyalanine)

Specidic examples of the nitrogen-containing compounds
having a sulfonyl group include 3-pyridinesulfonic acid and
pyridintum p-toluenesulfonate.

Specific examples of the nitrogen-containing compounds
having a hydroxyl group, the nitrogen-containing com-
pounds having a hydroxyphenyl group, and the alcoholic
nitrogen-containing compounds include 2-hydroxypyridine,
aminocresol, 2,4-quinolinediol, 3-indolemethanol hydrate,
monoethanolamine, diethanolamine, triethanolamine,
N-ethyldiethanolamine, N,N-diethylethanolamine,
triissopropanolamine, 2,21-1iminodiethanol, 2-aminoethanol,
3-amino-1-propanol, 4-amino-1-butanol, 4-(2-
hydroxyethyl)morpholine, 2-(2-hydroxyethyl)pyridine,
1-(2-hydroxyethyl)piperazine, 1-[2-(2-hydroxyethoxy)
ethyl]-piperazine, piperidine-ethanol, 1-(2-hydroxyethyl)
pyrrolidine, 1-(2-hydroxyethyl)-2-pyrrolidinone,
3-piperidino-1,2-propanediol, 3-pyrrolidino-1,2-
propanediol, 8-hydroxy-julolidine, 3-quinuclidinol,
3-tropanol, 1-methyl-2-pyrrolidine-ethanol, 1-aziridine-
ethanol, N-(2-hydroxyethyl)-phthalimide and N-(2-
hydroxyethyl)isonicotinamide. Specific examples of the
amide derivatives include formamide, N-methylformamide,
N,N-dimethylformamide, acetamide, N-methylacetamide,
N,N-dimethylacetamide, propionamide and benzamaide.
Specilic examples of the 1mide derivatives include
phthalimide, succinimide and maleimide.

Furthermore, one or more basic compounds may be
selected from those represented by the following general
formula (B1) and incorporated in the resist materials of the
present 1nvention.

NX),(Y)s., B1

wherein n 1s 1, 2 or 3; each Y independently represents a
hydrogen atom or a straight-chain, branched or cyclic alkyl
group having 1 to 20 carbon atoms, and may contain a
hydroxyl group or an ether linkage; and each X i1ndepen-
dently represents one of the groups represented by the
following general formulas (X1) to (X3), and two or three X
groups may be joined together to form a ring.

X1
—R300— —R 301
X2
O
_R302_O_R303_!_R304
X3

O
|

_RS[E_ C—O _R306

wherein R*°°, R*°% and R*%> each represents a straight-chain
or branched alkylene group having 1 to 4 carbon atoms; R*
and R°°* each represents a hydrogen atom or a straight-
chain, branched or cyclic alkyl group having 1 to 20 carbon
atoms, and may contain one or more hydroxy groups, ether
linkages, ester linkages or lactone rings; and R represents
a single bond or a straight-chain or branched alkylene group
having 1 to 4 carbon atoms. Specific examples of the
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compounds represented by the general formula (B1) include
tris(2-methoxymethoxyethyl)amine, tris{2-(2-
methoxyethoxy)ethyl}amine, tris{2-(2-methoxyethoxy-
methoxy)ethyl}amine, tris{2-(1-methoxyethoxy)
ethyl}amine, tris{2-(1-ethoxyethoxy)ethyl}amine, tris{2-
(1-ethoxypropoxy)-ethyl}amine, tris[2-{2-(2-
hydroxyethoxy)ethoxy }ethyl]amine, 4,7,13,16,21,24-
hexaoxa-1,10-diazabicyclo|8.8.8 |hexacosane, 4,7,13,18-
tetraoxa-1,10-diazabicyclo[8.5.5 Jeicosane, 1,4,10,13-
tetraoxa-7,16-diazabicyclooctadecane, 1-aza-12-crown-4,
l-aza-15-crown-5, 1l-aza-18-crown-6, tris(2-
formyloxyethyl)amine, tris(2-formyloxyethyl)amine, tris(2-
acetoxyethyl)amine, tris(2-propionyloxyethyl)amine, tris(2-
butyryloxyethyl)amine, tris(2-isobutyryloxyethyl)amine,
tris(2-valeryloxyethyl)amine, tris(2-pivaloyloxyethyl)
amine, N,N-bis(2-acetoxyethyl)-2-(acetoxyacetoxy)
ethylamine, tris(2-methoxycarbonyloxyethyl)amine, tris(2-
tert-butoxycarbonyloxy-ethyl)amine, tris| 2-(2-oxopropoxy)
ethyl]amine, tris|2-(methoxycarbonylmethyl)oxyethyl]
amine, tris|2-(tert-butoxycarbonylmethyloxy)ethyl]amine,
tris| 2-(cyclohexyloxycarbonylmethyloxy)ethyl Jamine, tris
(2- methoxycarbonyl ethyl) amine, tr15(2-
ethoxycarbonylethyl) amine, N,N-bis (2- hydroxye ;
(methoxycarbonyl)ethylamme N,N-bis(2-acetoxyet
(methoxycarbonyl)ethylamine, N,N-bis(2-hydroxyet
(ethoxycarbonyl)ethylamine, N,N-bis(2- acetoxyethyl) 2-
(ethoxycarbonyl)ethylamine, N,N-bis(2-hydroxyethyl)-2-
(2-methoxyethoxycarbonyl)ethylamine, N,N-bis(2-
acetoxyethyl)-2-(2-methoxyethoxycarbonyl)ethylamine,
N,N-bis(2-hydroxyethyl)-2- (2-hydroxyethoxycarbonyl)
ethylamine, N,N-bis(2-acetoxyethyl)-2-(2-
acetoxyethoxycarbonyl)ethylamine, N,N-bis
(2-hydroxyethyl)-2-[ (methoxycarbonyl)methoxycarbonyl
]-ethylamine, N,N-bis(2-acetoxyethyl)-2-
[ (methoxycarbonyl)-methoxycarbonyl| ethylamine, N,
N-bis(2-hydroxyethyl)-2-(2-oxopropoxycarbonyl)
ethylamine, N,N-bis(2-acetoxyethyl)-2-(2-
oxopropoxycarbonyl)ethylamine, N,N-bis(2-hydroxyethyl)-
2-(tetrahydrofurfuryloxycarbonyl)ethylamine, N,N-bis(2-
acetoxyethyl)-2-(tetrahydrofurfuryloxycarbonyl)
ethylamine, N,N-bis(2-hydroxyethyl)-2-[(2-
oxotetrahydrofuran-3-yl)-oxycarbonyl Jethylamine, N,N-bis
(2-acetoxyethyl)-2-[(2-oxotetrahydrofuran-3-yl)
oxycarbonyl]ethylamine, N,N-bis(2-hydroxyethyl)-2-(4-
hydroxybutoxycarbonyl)ethylamine, N,N-bis(2-
formyloxyethyl)-2-(4-formyloxybutoxycarbonyl)
ethylamine, N,N-bis(2-formyloxyethyl)-2-(2-
formyloxyethoxycarbonyl)ethylamine, N,N-bis(2-
methoxyethyl)-2-(methoxycarbonyl)ethylamine, N-(2-
hydroxyethyl)bis| 2-(methoxycarbonyl)ethyl Jamine, N-(2-
acetoxyethyl)bis| 2-(ethoxycarbonyl)ethyl Jamine,
acetoxyethyl)bis| 2-(ethoxycarbonyl)ethyl Jamine, 1
hydroxy-l-propyl)bis[Z-(methoxycarbonyl)ethyl]amine,

(3 acetoxy-1-propyl)bis| 2-(methoxycarbonyl)ethyl ]
amine, N-(2-methoxyethyl)bis [ 2- (methoxycarbonyl)ethyl]
amine, N-butylbis|2-(methoxycarbonyl)ethyl]amine,
N - butylb15[2 (2-methoxyethoxy-carbonyl)ethyl]amine,
N-methylbis(2-acetoxyethyl)amine, N-ethylbis(2-
acetoxyethyl)amme N-methylbis(2-pivaloyloxy-ethyl)
amine, N-ethylbis|2-(methoxycarbonyloxy)ethyl]amine,
N-ethylbiS[Z-(tert-butoXycarbonyloxy)ethyl]amine, tris
(methoxy-carbonylmethyl)amine, tris
(ethoxycarbonylmethyl)amine, N-butylbis
(methoxycarbonylmethyl)amine, N-hexylbis(methoxy-
carbonylmethyl)amine and p-(diethylamino)-9-
valerolactone.

Furthermore, one or more basic compounds having a

cyclic structure may be selected from those represented by
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the following general formula (B2) and incorporated in the
resist materials of the present 1invention.

)

RSDT N—X

\_/

wherein X is as defined above; and R’°’ represents a
straight-chain or branched alkylene group having 2 to 20
carbon atoms, and may contain one or more carbonyl
ogroups, ether linkages, ester linkages or sulfide linkages.

B2

Specific examples of the basic compounds having a cyclic
structure as represented by the above general formula (B2)
include 1-2-(methoxymethoxy)ethyl]pyrrolidine, 1-[2-
(methoxymethoxy)ethyl]piperidine, 4-[2-
(methoxymethoxy)-ethyl]morpholine, 1-[2-[(2-
methoxyethoxy)methoxy)ethyl]|-pyrrolidine, 1-[2-[(2-
methoxyethoxy)methoxy)ethyl |piperidine, 4-[2-[(2-
methoxyethoxy)methoxy)ethyl|morpholine, 2-(1-
pyrrolidinyl)ethyl acetate, 2-piperidinoethyl acetate,
2-morpholinoethyl acetate, 2-(1-pyrrolidinyl)ethyl formate,
2-piperidinoethyl propionate, 2-morpholinoethyl
acetoxyacetate, 2-(1-pyrrolidinyl)ethyl methoxyacetate,
4-[2-(methoxy-carbonyloxy)ethyl|morpholine, 1-[2-(t-
butoxycarbonyloxy)ethyl]|piperidine, 4-[2-(2-
methoxyethoxycarbonyloxy)-ethylJmorpholine, methyl
3-(1-pyrrolidinyl)propionate, methyl
3-piperidinopropionate, methyl 3-morpholinopropionate,
methyl 3-(thiomorpholino)propionate, methyl 2-methyl-3-
(1-pyrrolidinyl)propionate, ethyl 3-morpholinopropionate,
methoxycarbonylmethyl 3-piperidinopropionate,
2-hydroxyethyl 3-(1-pyrrolidinyl)propionate,
2-acetoxyethyl 3-morpholinopropionate,
2-oxotetrahydrofuran-3-yl 3-(1-pyrrolidinyl)-propionate,
tetrahydrofurfuryl 3-morpholinopropionate, glycidyl
3-piperidinopropionate, 2-methoxyethyl
3-morpholinopropionate, 2-(2-methoxyethoxy)ethyl 3-(1-
pyrrolidinyl-propionate, butyl 3-morpholinopropionate,
cyclohexyl 3-piperidinopropionate, a-(1-pyrrolidinyl)
methyl-y-butyrolactone, [-piperidino-y-butyrolactone,
B-morpholino-0-valerolactone, methyl
1-pyrrolidinylacetate, methyl piperidinoacetate, methyl
morpholinoacetate, methyl thiomorpholinoacetate, ethyl

1-pyrrolidinylacetate and 2-methoxyethyl morpholinoac-
ctate.

Furthermore, one or more basic compounds having a
cyano group may be selected from those represented by the
following general formulas (B3) to (B6) and incorporated in
the resist materials of the present invention.

B3
(X)3m—N— (R —CN),
B4
R3ﬂ? N_R308_ ON
BS
i
(X)3.;—N—(R*—C—O0—R*”—0CN),
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-continued
B6
I
R3CIT N_R308_ C—0O _R309_ CN
wherein X, R°°” and n are as defined above; and R>°® and

R°%® each independently represents a straight-chain or
branched alkylene group having 1 to 4 carbon atoms.
Specific examples of the basic compounds having a cyano
group as represented by the above general formulas (B3) and
(B6) include 3-(diethylamino)propiononitrile, N,N-bis(2-
hydroxyethyl)-3-aminopropiononitrile, N,N-bis(2-
acetoxyethyl)-3-aminopropiononitrile, N,N-bis(2-
formyloxyethyl)-3-amino-propiononitrile, N,N-bis(2-
methoxyethyl)-3-aminopropiono-nitrile, N,N-bis[2-
(methoxymethoxy)ethyl]-3-aminopropiono-nitrile, methyl
N-(2-cyanoethyl)-N-(2-methoxyethyl)-3-amino-propionate,
methyl N-(2-cyanoethyl)-N-(2-hydroxyethyl)-3-
aminopropionate, methyl N-(2-acetoxyethyl)-N-(2-
cyanoethyl)-3-aminopropionate, N-(2-cyanoethyl)-N-ethyl-
3-aminopropiono-nitrile, N-(2-cyanoethyl)-N-(2-
hydroxyethyl)-3-aminopropiononitrile, N-(2-acetoxyethyl)-
N-(2-cyanoethyl)-3-aminopropiononitrile, N-(2-
cyanoethyl)-N-(2-formyloxyethyl)-3-amino-
propiononitrile, N-(2-cyanoethyl)-N-(2-methoxyethyl)-3-
aminopropiononitrile, N-(2-cyanoethyl)-N-|[2-
(methoxymethoxy)-ethyl]-3-aminopropiononitrile, N-(2-
cyanoethyl)-N-(3-hydroxy-1-propyl)-3-
aminopropiononitrile, N-(3-acetoxy-1-propyl)-N-(2-
cyanoethyl)-3-aminopropiononitrile, N-(2-cyanoethyl)-N-
(3-formyloxy-1-propyl)-3-aminopropiononitrile, N-(2-
cyanoethyl)-N-tetrahydrofurfuryl-3-aminopropiononitrile,
N,N-bis(2-cyanoethyl)-3-aminopropiononitrile,
diethylaminoacetonitrile, N,N-bis(2-hydroxyethyl)
aminoacetonitrile, N,N-bis(2-acetoxy-ethyl)
aminoacetonitrile, N,N-bis(2-formyloxyethyl)
aminoacetonitrile, N,N-bis(2Z-methoxyethyl)
aminoacetonitrile, N,N-bis|2-(methoxymethoxy)ethyl]
aminoacetonitrile, methyl N-cyano-methyl-N-(2-
methoxyethyl)-3-aminopropionate, methyl N-cyanomethyl-
N-(2-hydroxyethyl)-3-aminopropionate, methyl N-(2-
acetoxyethyl)-N-cyanomethyl-3-aminopropionate,
N-cyanomethyl-N-(2-hydroxyethyl)aminoacetonitrile,
N-(2-acetoxyethyl)-N-(cyanomethyl)aminoacetonitrile,
N-cyanomethyl-N-(2-formyloxy- ethyl)ammo acetonitrile,
N-cyanomethyl-N-(2-methoxyethyl)-aminoacetonitrile,
N - cyanomethyl N-[2-(methoxymethoxy)ethyl]-
aminoacetonitrile, N-(cyanomethyl)-N-(3-hydroxy-1-
propyl)-aminoacetonitrile, N-(3-acetoxy-1-propyl)-N-
(cyanomethyl)-aminoacetonitrile, N-cyanomethyl-N-(3-
formyloxy-1-propyl)-aminoacetonitrile, N,N-bis
(cyanomethyl)aminoacetonitrile,
1-pyrrolidinepropiononitrile, 1-piperidinepropiononitrile,
4-morpholinepropiononitrile, 1-pyrrolidineacetonitrile,
1-piperidineacetonitrile, 4-morpholineacetonitrile, cyanom-
ethyl 3-diethylaminopropionate, cyanomethyl N,N-bis(2-
hydroxyethyl)-3-aminopropionate, cyanomethyl N,N-bis(2-
acetoxyethyl)-3-aminopropionate, cyanomethyl N,N-bis(2-
formyloxyethyl)-3-aminopropionate, cyanomethyl N,N-bis
(2-methoxyethyl)-3-aminopropionate, cyanomethyl N,N-bis
[2-(methoxymethoxy)ethyl]-3-aminopropionate,
2-cyanoethyl 3-diethylaminopropionate, 2-cyanoethyl N,N-
bis(2-hydroxyethyl)-3-aminopropionate, 2-cyanoethyl N,N-
bis(2-acetoxyethyl)-3aminopropionate, 2-cyanoethyl N,N-
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bis(2-formyloxyethyl)-3-aminopropionate, 2-cyanoethyl
N,N-bis(2-methoxyethyl)-3-aminopropionate, 2-cyanoethyl
N,N-bis| 2-(methoxymethoxy)ethyl)-3-aminopropionate,

cyanomethyl 1-pyrrolidinepropionate, cyanomethyl
l-piperidinepropionate, cyanomethyl
4-morpholinepropionate, 2-cyanoethyl
l-pyrrolidinepropionate, 2-cyanoethyl

1-piperidinepropionate and 2-cyanoethyl 4-morpholine-
propionate.

The above-described basic compounds are added 1n an
amount of 0.001 to 10 parts by weight and preferably 0.01
to 1 part by weight, per part by weight of the acid generator.
If their amount added 1s less than 0.001 part by weight, these
additives may fail to produce a sufficient effect, and 1if 1t 1s
orcater then 10 parts by weight, they may cause a reduction
In resolving power or sensitivity.

Furthermore, compounds having a group of the formula
C—COOH 1n the molecule may also be incorporated 1n
the resist materials of the present invention.

As the compounds having a group of the formula
=(C—COOH m the molecule, there may be used, for
example, one or more compounds selected from the follow-
ing Classes I and II. However, 1t 1s to be understood that the
present invention 1s not limited thereto. The incorporation of
this ingredient enhances the PED stability of the resist and
improves 1ts Lit edge roughness on a nitride substrate.

[ Class I}

Compounds represented by the following general formu-
las (A1) to (A10), in which the hydrogen atoms in phenolic
hydroxyl groups are partially or completely replaced by
—R**'—COOH (in which R*** represents a straight-chain
or branched alkylene group having 1 to 10 carbon atoms)
and the molar ratio [C/AC+D)] of the phenolic hydroxyl
group (C) to the group of the formula =C—COOH (D) is
in the range of-0.1 to 1.0.

[ Class II]

Compounds represented by the following general formu-
las (Al11) to (A15).

Al
(OH)
SN
R40251
R403 A2
(OH)’[Z\_ / _\/ (OH);2
Ramzsz) A\ // Lios \ '%Rﬁmsz
RZUZ A3
(OH)tz\/ —\ —\/ (OH);2
o X PRET
~ ]
YAX
R102, (OH)i2
(OH) ) A
OH)pe, /= —\ - (OH),
2\ (R405)u 2

\ ///> R402
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-continued
AS
Ol /— N\ - (OH)p>
SN >
&/ 3
R402 ; \ ——/ “R%02,
(R-ﬂl[}ﬁ)u
R407
\ (OH);
)
_\ R402.,
Ab
'11403 ]
)
X
R102_ (OH)
A7
H\*ﬁﬁwx]I,fT\1
R/ \
Ré: (OH)y3
A8
\ (OH)t
&
R e,
.‘X\ 74
N/~ \/
Ré 3 R402]_
A9
\_- (OH);
72
(OH)3 _\ R402
Y
7 7 R 402
R40253 J
Al0
/(OH)M
Cj
~
f\R‘“Uﬂ

wherein R*® represents a hydrogen atom or a methyl group;
R** and R*"° each represents a hydrogen atom or a straight-
chain or branched alkyl or alkenyl group having 1 to 8§
carbon atoms; R*"* represents a hydrogen atom, a straight-
chain or branched alkyl or alkenyl group having 1 to 8§
carbon atoms, or a group of the formula —(R*"”),—COOR’
(in which R*®” represents a hydrogen atom or —R**"—
COOH); R* represents —(CH,),— (in which i is an
integer of 2 to 10), an arylene group having 6 to 10 carbon
atoms, a carbonyl group, a sulfonyl group, an oxygen atom
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or a sulfur atom; R*"° represents an alkylene group having
1 to 10 carbon atoms, an arylene group having 6 to 10 carbon
atoms, a carbonyl group, a sulfonyl group, an oxygen atom
or a sulfur atom; R*°’ represents a hydrogen atom, a
straight-chain or branched alkyl or alkenyl group having 1 to
8 carbon atoms, or a hydroxyl-substituted phenyl or naph-
thyl group; R*"” represents a straight-chain or branched
alkylene group having 1 to 10 carbon atoms; R**" represents
a hydrogen atom, a straight-chain or branched alkyl or
alkenyl group having 1 to 8 carbon atoms, or a group of the
formula —R*'—COOH; R*'! represents a straight-chain or
branched alkylene group having 1 to 10 carbon atoms; 7 1s
an 1teger of 0 to 5; u and h are each O or 1; s1, t1, s2, 2,
s3, t3, s4 and t4 are numbers which satisfy the conditions
defined by s1+t1=8, s2+t2=5, s3+t3=4, and s4+t4=6, and
which cause at least one hydroxyl group to be present in
cach phenyl skeleton; K 1s a number which causes the
compound of formula (A6) to have a weight-average
molecular weight of 1,000 to 5,000 as measured on a
polystyrene basis by GPC; and A 1s a number which causes
the compound of formula (A6) to have a weight-average
molecular weight of 1,000 to 10,000 as measured on a
polystyrene basis by GPC.

All
R403
OH — —\ _.(OH
( )15\/ \ />( M5
\ /
R*Z, /‘Q' / R41 /\ R
|
COOH
Al2
(OH)ﬁ\/— \ RH1—COOH
\\
Rmzsﬁ/\} /)
A13
COOH
‘/\ X A
\/\/
Al4
(CH,)y COOH
Al5

R42 \/\/COOH

CH,

CH,

/\/\

R412’/\/\/\R412

Wherein R*=, R*°° and R* are as defined above; R*'*

represents a hydrogen atom or a hydroxyl group; s5 and t5
are numbers which satisfy the conditions defined by s5=0,

t5=20, and s5+t5=5; and h' 1s 0 or 1.

Specidic examples of this ingredient include compounds
represented by the following general formulas Al-1 to Al-14
and AlI-1 to AII-10. However, 1t 1s to be understood that the

present 1nvention 1s not limited thereto.
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Al-1

Al-2

Al-3

Al-4

Al-5

Al-6

Al-7

Al-8

Al-9
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-continued
NN
=
o
A>T
@
P
« |

o Y
‘ /\j/ OR'
o

O
CH,

RO
P
R"O O
YO~
R"O = CH,
CH,
”Ro—<\ />7CH2COOR”

Al-10

Al-11

Al-12

Al-13

Al-14

wherein R represents a hydrogen atom or CH,COOH, and
10 to 100% of R" 1n each compound 1s CH,COOH; and o

and K are as defined above.

CH
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OO
OO

‘ — COOH
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All-2

All-3

All-4

AlIl-5
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All-6
H04<\_/>7CH2COOH
All-7
COOH
‘/\)\
\/\/
AII-8
25 |
AII-9
5 OOH
AII-10
~ /\/COOH
CHj;
CH3 ﬁ
HO/

The above-described compounds having a group of the
formula =—C—COOH 1n the molecule may be used alone
or in admixture of two or more.

The above-described compounds having a group of the
formula =—C—COOH 1n the molecule are added in an
amount of 0 to 5 parts by weight, preferably 0.1 to 5 parts
by weight, more preferably 0.1 to 3 parts by weight, and still
more preferably 0.1 to 2 parts by weight, per 100 parts by
welght of the base resin. If their amount added 1s greater than
5 parts by weight, the resulting resist material may show a
reduction 1n resolving power.

Furthermore, additives comprising acetylene alcohol
derivatives may be mncorporated 1n the resist materials of the
present 1mnvention. These additives serve to enhance shelf
stability.

As the acetylene alcohol derivatives, there may preferably
be used compounds represented by the following formulas

(S1) and (S2).

S1
R502
R¥—C=C—C—R"
O— (CH,CH,0),H
S2
RS[M R502
RVN—C—C=Cc—C—R"

H(OCH,CH,),; O— (CH,CH,0),H

wherein R*%!, R*%%, R*%, R*°* and R each represents a
hydrogen atom or a straight-chain, branched or cyclic alkyl
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group having 1 to 8 carbon atoms; and X and Y each
represents 0 or a positive number, and satisty the conditions
defined by 0=X=30, 0£Y =30, and 0=X+Y =40.
Preferred examples of the acetylene alcohol derivatives
include Surfinol 61, Surfinol 82, Surfinol 104, Surfinol
104E, Surfinol 104H, Surfinol 104A, Surfinol TG, Surfinol
PC, Surfinol 440, Surfinol 465, Surfinol 485 (manufactured
by Air Products and Chemicals Inc.) and Surfinol E1004

(manufactured by Nissin Chemical Industry Co., Ltd.).

The above-described acetylene alcohol derivatives are
added 1n an amount of 0.01 to 2% by weight and preferably
0.02 to 1% by weight, based on the total weight of the resist
composition. If their amount added 1s less than 0.01% by
welght, the resulting resist material may not show a suffi-
cient improvement 1n application properties and shelf
stability, and 1f 1t 1s greater than 2% by weight, the resulting
resist material may show a reduction in resolving power.

Besides the above described ingredients, surface-active
agents commonly used to improve application properties
may be added as optional ingredients to the resist materials
of the present mnvention. These optional ingredients may be
added 1n conventionally used amounts, so long as they do
not interfere the effects of the present invention.

For this purpose, nonionic surface-active agents such as
perfluoroalkyl polyoxyethylene ethanol, fluormnated alkyl
esters, perfluoroalkylamine oxide, perfluoroalkyl EO
adducts and fluorine-containing organosiloxane compounds
are preferably used. Specific examples thereof include Flo-
rad FC-430 and FC-431 (manufactured by Sumitomo 3M
Limited), Surflon S-141, S-145, KH-10, KH-20, KH-30 and
KH-40 (manufactured by Asahi Glass Co., Ltd.), Unidain
DS-401, DS-403 and DS-451 (manufactured by Daikin
Industries, Ltd.), Megafac F-8151 (manufactured by Dain-
ippon Ink & Chemicals, Inc.), and X-70-092 and X-70-093
(manufactured by Shin-etsu Chemical Co., Ltd.). Among
others, Florad FC-430 (manufactured by Sumitomo 3M
Limited), KH-20 and KH-30 (manufactured by Asahi Glass
Co., Ltd.), and X-70-093 (manufactured by Shin-Etsu
Chemical Co., Ltd.) are preferred.

The formation of a pattern by using a resist material 1n
accordance with the present invention can be carried out
according to a well-known lithographic technique. For
example, according to a technique such as spin coating, the
resist material is applied to a substrate (e.g., a silicon wafer)
so as to give a film thickness 01 0.2 to 2.0 ym. This resist film
is prebaked on a hot plate at 60-150° C. for 1-10 minutes
and preferably at 80-130° C. for 1-5 minutes. Then, while
a mask for forming a desired pattern 1s placed over the
aforesaid resist film, high-energy radiation (e.g., far ultra-
violet radiation, excimer laser light or X-radiation) or elec-
tron rays are applied thereto in an exposure of about 1 to 200
mJ/cm” and preferably about 5 to 100 mJ/cm”. Thereafter,
the resist film is subjected to a post-exposure bake (PEB) on
a hot plate at 60—150° C. for 1-5 minutes and preferably at
80-130° C. for 1-3 minutes. Thereafter, using a developer
comprising an aqueous alkaline solution of tetramethylam-
monium hydroxide (TMAH) or the like having a concen-
tration of 0.1-to 5% and preferably 2 to 3%, the resist film
1s developed for 0.1 to 3 minutes and preferably 0.5 to 2
minutes according to a conventional process such as a dip
process, puddle process or spray process. Thus, the desired
pattern 1s formed on the substrate. The resist materials of the
present 1nvention 1s especially suitable for fine patterning
with far ultraviolet radiation or excimer laser light having a
wavelength of 248 to 193 nm, X-radiation and electron rays,
among various types of high-energy radiation. If the pro-
cessing conditions go beyond the upper and lower limits of
the atoresaid respective ranges, the desired pattern may not

be formed.
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The present invention 1s more specifically explained with
reference to the following synthesis examples and examples.
However, these examples are not to be construed to limait the
scope of the mvention.

SYNTHESIS EXAMPLES

Several polymers 1n accordance with the present inven-

fion were synthesized according to the formulations
described below.

Synthesis Example 1

Synthesis of Polymer 1

37.2 ¢ of 7-oxabicyclo[2.2.1]-2-heptylmethyl
5-norbornene-2-carboxylate (synthesized by reducing (by
hydrogenation) the Diels-Alder reaction product of furan
with methyl acrylate to form 7-oxabicyclo|2.2.1 |heptane-2-
methanol and esterifying it with 5-norbornene-2-carboxylic
acid), 91.0 g of 2-ethyl-2-norbornyl 5-norbornene-2-
carboxylate, and 49.0 g of maleic anhydride were dissolved
in 150 ml of tetrahydrofuran, and 1.8 g of 2,2'-
azobisisobutyronitrile was added thereto. The resulting mix-
ture was stirred at 60° C. for 15 hours and then concentrated
under reduced pressure. The resulting residue was dissolved
in 400 ml of tetrahydrofuran, and this solution was added
dropwise to 10 L of n-hexane. The solid matter so formed
was separated by filtration, washed with 10 LL of n-hexane,
and vacuum-dried at 40° C. for 6 hours to obtain 89.5 g of
a polymer represented by the following formula (Polymer
1). Its yield was 50.5%. Mw 1s a weight-average molecular
welght as measured on a polystyrene basis by GPC.

The "H-NMR and FT-IR data of 7-oxabicyclo[2.2.1]-2-
heptylmethyl 5-norbornene-2-carboxylate used as the mono-
mer are given below.

'H-NMR (CDCl,, 270 MHz): .=0.90-2.96 (m,13H),
2.98-3.22 (m,1H), 3.68-4.26 (m,2H), 4.34-4.58 (m,2H),
5.86-6.20 (m,2H)

FT-IR: 1732 cm™
Synthesis Examples 2—-12

Synthesis of Polymers 2—-12

Polymers 2—12 were synthesized in substantially the same
manner as described above or according to well-known
formulations.

S
&
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O

(Polymer 1)

(x = 0.15,d = 0.35, ¢ = 0.50, Mw = 7,300)
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(Polymer 2)
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(x = 0.15,d = 0.35, ¢ = 0.50, Mw = 7,000)

(Polymer 3)

(x = 0.15, d = 0.35, ¢ = 0.50, Mw = 7,500)

(Polymer 4)
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(x = 0.15,d = 0.35, e = 0.50, Mw = 7,700)
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(x = 0.50, d = 0.50, Mw = 13,000)

(Polymer 11)

—
W

(Polymer 12)

Example I

Resist materials were prepared by using several polymer
in accordance with the present invention as base resins, and
their adhesion to the substrate was evaluated.

Examples I-1 to I-4 and Comparative Examples I-1
and I-2

Several polymers represented by the above formulas
(Polymers 1 to 4) and comparative polymers represented by
the following formulas (Polymers 13 and 14) were used as
base resins. According to the formulations shown 1n Table 1,
these base resins were mixed with an acid generator repre-
sented by the following formula (PAG1), a basic compound
Y and a solvent. The resulting mixtures were filtered through
a Teflon filter (with a pore diameter of 0.2 mm) and used as
resist materials.
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(Polymer 13)

O>=o
%]

(d =0.50, e = 0.50, Mw = 8,800)

( @ )d
-
O _\g

(Polymer 14)

(PAG 1)

CEF3S075

After a silicon wafer was sprayed with hexamethyldisi-
lazane at 90° C. for 40 seconds, each resist material was
spin-coated onto the silicon wafter and then heat-treated at
110° C. for 90 seconds to form a resist film having a
thickness of 0.5 um. This silicon wafer was exposed to light
by means of a KrF excimer laser stepper (manufactured by
Nikon Corp.; NA=0.5), heat-treated at 110° C. for 90
seconds, and then developed for 60 seconds according to a
puddle process using a 2.38% aqueous solution of tetram-
cthylammonium hydroxide. Thus, 1:1 line-and-space pat-
terns were formed. When the developed water was observed
by overhead SEM (scanning electron microscopy), the mini-
mum line width (zm) which did not peel off but remained on
the water was regarded as the adhesion limit of the resist
material being evaluated.

The composition of each resist material and the results of
evaluation are shown 1n Table 1. In Table 1, the solvent and
the basic compound were as follows. In all cases, the solvent
contained 0.01% by weight of KH-20 (manufactured by
Asahi Glass Co., Ltd.).
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PGMEA: Propylene glycol methyl ether acetate.

TBA: Tributylamine.

It has been confirmed by the results shown 1n Table 1 that

the polymers of the present invention have excellent adhe-
sion to the substrate.

TABLE 1
Acid Dissolution Basic
Resin generator  confroller  compoud  Solvent
(parts by (parts by (parts by (parts by  (parts by
weight) weight) weight) weight) weight)
Ex. [-1 Polymer 1 PAG 1 — TBA PGMEA
(80) (1) (0.078) (480)
[-2 Polymer 2 PAG 1 — TBA PGMEA
(80) (1) (0.078) (480)
[-3 Polymer 3 PAG 1 — TBA PGMEA
(80) (1) (0.078) (480)
[-4 Polymer 4 PAG 1 — TBA PGMEA
(80) (1) (0.078) (480)
Comp. [-1 Polymer 13 PAG 1 — TBA PGMEA
Ex. (80) (1) (0.078) (480)
[-2 Polymer 14  PAG 1 — TBA PGMEA
(80) (1) (0.078) (480)
Example II 25

Resist materials were prepared by using several polymers
in accordance with the present invention as base resins, and
their swell-reducing effect was evaluated.

Examples II-1 to II-4 and Comparative Examples
II-1 and II-2

According to the formulations shown 1n Table 2, resist
materials were prepared 1n the same manner as described
above.

After a silicon wafer was sprayed with hexamethyldisi-
lazane at 90° C. for 90 seconds, each resist material was
spin-coated onto the silicon wafer and then heat-treated at
110° C. for 90 seconds to form a resist film having a
thickness of 0.5 um. Using a KrF excimer laser stepper
(manufactured by Nikon Corp.; NA=0.5), this silicon wafer
was exposed to light at a total of 11 points where 11 different
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and defined as the film thickness (A) before development.
Thereafter, this silicon water was developed by soaking 1t 1n

a 2.38% aqueous solution of tetramethylammonium hydrox-
1de for 200 seconds. Then, the film thickness at each exposed
point was measured again and defined as the film thickness

Adhesion
limit

(4em)
0.26

0.28
0.24
0.24
>0.50

~>(.50

(ﬁx) atter development. The film thickness after development
and the film thickness after development were compared
with respect to each exposed point, and 1t was considered
that swelling occurred at a point where the film thickness
increased after development. The maximum increase 1n film

Ex.

Comp.
Ex.

[I-1

II-2

II-3

[I-4

[I-1

II-2

60

levels of exposure were used (i.e., they included the middle
point determined by a separately measured sensitivity (Eth,
mJ/cm?), five points whose exposure was increased from the
middle point by 5% increments, and five points whose
exposure was decreased from the middle point by 5%
increments), and heat-treated at 110° C. for 90 seconds.

Then, the film thickness at each exposed point was measured

65

thickness was regarded as the amount of swell (5&)

The composition of each resist material and the results of
evaluation are shown 1n Table 2. In Table 2, the solvent and
the basic compound were as follows. In all cases, the solvent
contained 0.01% by weight of KH-20 (manufactured by
Asahi Glass Co., Ltd.).

PGMEA: Propylene glycol methyl ether acetate.
TBA: Tributylamine.

It has been confirmed by the results shown 1n Table 2 that
the polymers of the present invention have an excellent
swell-reducing effect.

TABLE 2
Acid Dissolution Basic
Resin generator  controller compound Solvent  Amount
(parts by (parts by (parts by (parts by (pars by  of swell
weight) weight) weight) weight) weight) (A)
Polymer 1 PAG 1 — TBA PGMEA 0 or less

(30) (1) (0.078) (480)

Polymer 2 PAG 1 — TBA PGMEA 0 or less

(80) (1) (0.078) (480)

Polymer 3 PAG 1 — TBA PGMEA 0O or less

(80) (1) (0.078) (480)

Polymer 4 PAG 1 — TBA PGMEA 0O or less

(80) (1) (0.078) (480)

Polymer 13 PAG 1 — TBA PGMEA 181

(80) (1) (0.078) (480)

Polymer 14 PAG 1 — TBA PGMEA 89

(80) (1) (0.078) (480)

Example 111
With respect to several resist materials 1n accordance with

the present invention, their resolving power in an exposure
process using a KrF excimer laser was evaluated.
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Examples III-1 to III-21

Evaluation of Resolving Power of Resist Materials

Several polymers represented by the above formulas
(Polymers 1 to 12) were used as base resins. According to
the formulations shown 1n Table 3, these base resins were
mixed with acid generators represented by the following
formulas (PAG1 and 2), dissolution controllers represented
by the following formulas (DRR1 to 4), a basic compound,

compounds containing a group ol the formula =—C
COOH 1n the molecule and represented by the following
formulas (ACC1 and 2), and a solvent. The resulting mix-
tures were filtered through a Teflon filter (with a pore
diameter of 0.2 um) and used as resist materials.

(PAG 1)

)

St CF3SO0y

‘/i
s

(

(PAG 2)

/

\

St CyFeSOy

9
G

\

4

(DRR 1)

(DRR 2)

DL

(DRR 3)
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-continued

(DRR 4)

&

(ACC 1)

CO,H

(ACC 2)

CO,H

After a silicon waler was sprayed with hexamethyldisi-
lazane at 90° C. for 90 seconds, each resist material was
spin-coated onto the silicon wafter and then heat-treated at
110° C. for 90 seconds to form a resist film having a
thickness of 0.5 um. This silicon waler was exposed by
means of a KrF excimer laser stepper (manufactured by

Nikon Corp.; NA=0.5), heat-treated at 110° C. for 90

seconds, and then developed for 60 seconds according to a
puddle process using a 2.38% aqueous solution of tetram-
cthylammonium hydroxide. Thus, 1:1 line-and-space pat-
terns were formed. When a cross section of the developed
wafer was observed by sectional SEM (scanning electron
microscopy), the minimum line width (um) of line-and-
space patterns which were separated at an exposure which
can resolve 0.30 um lines and spaces 1:1 (i.e., the optimum
exposure (Eop), mJ/cm?®) was regarded as the resolution of

the resist material being evaluated. During this observation,
the pattern shape was classified 1nto rectangular, round-

headed, T-topped, regular tapered or reverse tapered.
Eventually, all patterns were rectangular.

The composition of each resist material and the results of
evaluation are shown 1n Table 3. In Table 3, the solvent and
the basic compounds were as follows. In all cases, the
solvent contained 0.01% by weight of KH-20 (manufactured
by Asahi Glass Co., Ltd.).

PGMEA: Propylene glycol methyl ether acetate.
TEA: Triethanolamine.

TMMEA: Trismethoxymethoxyethylamine.
TMEMEA: Trismethoxyethoxymethoxyethylamine.

It has been confirmed by the results shown 1n Table 3 that
the resist materials of the present invention exhibit high
sensifivity and high resolving power 1n an exposure process
using a KrF excimer laser.
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TABLE 3
Acid Dissolution Basic

Resin generator  controller  compound  Solvent

(parts by (parts by (parts by (parts by  (parts by

Example weight) weight) weight) weight) weight)

[1I-1 Polymer 1 PAG 1 — TEA PGMEA
(80) (1) (0.063) (480)

[1I-2 Polymer 2 PAG 1 — TEA PGMEA
(80) (1) (0.063) (480)

[1I-3 Polymer 3 PAG 1 — TEA PGMEA
(80) (1) (0.063) (480)

[1I-4 Polymer 4 PAG 1 — TEA PGMEA
(80) (1) (0.063) (480)

[1I-5 Polymer 5 PAG 1 — TEA PGMEA
(80) (1) (0.063) (480)

[1I-6 Polymer 6 PAG 1 — TEA PGMEA
(80) (1) (0.063) (480)

[1I-7 Polymer 7 PAG 1 — TEA PGMEA
(80) (1) (0.063) (480)

[1I-8 Polymer 8 PAG 1 — TEA PGMEA
(80) (1) (0.063) (560)

[11-9 Polymer 9 PAG 1 — TEA PGMEA
(80) (1) (0.063) (560)

[1I-10 Polymer 10  PAG 1 — TEA PGMEA
(80) (1) (0.063) (480)

[1I-11 Polymer 11  PAG 1 — TEA PGMEA
(80) (1) (0.063) (480)

[1I-12 Polymer 12  PAG 1 — TEA PGMEA
(80) (1) (0.063) (560)

[1I-13 Polymer 6 PAG 2 — TEA PGMEA
(80) (1) (0.063) (480)

[1I-14 Polymer 6 PAG 2 — TMMEA PGMEA
(80) (1) (0.118) (480)

[1I-15 Polymer 6 PAG 2 — TMEMEA PGMEA
(80) (1) (0.173) (480)

[II-16 Polymer 1 PAG 2 DRR 1 TEA PGMEA
(70) (1) (10) (0.063) (480)

[1I-17 Polymer 1 PAG 2 DRR 2 TEA PGMEA
(70) (1) (10) (0.063) (480)

[II-18 Polymer 1 PAG 2 DRR 3 TEA PGMEA
(70) (1) (10) (0.063) (480)

[1I-19 Polymer 1 PAG 2 DRR 4 TEA PGMEA
(70) (1) (10) (0.063) (480)

[1I-20 Polymer 1 PAG 2 ACC 1 TEA PGMEA
(80) (1) (4) (0.063) (480)

[11-21 Polymer 1 PAG 2 ACC 2 TEA PGMEA
(80) (1) (4) (0.063) (480)

Example IV

With respect to several resist materials 1n accordance with
the present invention, their resolving power 1n an exposure
process using an ArF excimer laser was evaluated.

Examples IV-1 and IV-2

Evaluation of Resolving Power of Resist Materials

According to the formulations shown in Table 4, resist
materials were prepared 1n the same manner as described
above.

After a silicon waler was sprayed with hexamethyldisi-
lazane at 90° C. for 90 seconds, each resist material was
spin-coated onto the silicon wafer and then heat-treated at
110° C. for 90 seconds to form a resist film having a
thickness of 0.5 um. This silicon wafer was exposed by
means of an ArF excimer laser stepper (manufactured by
Nikon Corp.; NA=0.55), heat-treated at 110° C. for 90
seconds, and then developed for 60 seconds according to a
puddle process using a 2.38% aqueous solution of tetram-
cthylammonium hydroxide. Thus, 1:1 line-and-space pat-
terns were formed. When a cross section of the developed
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Optimum

exposure Resolution

(mJ/cm”) (tm) shape
27.0 0.2 Rectangular
25.0 0.22 Rectangular
26.0 0.2 Rectangular
24.0 0.2 Rectangular
26.0 0.2 Rectangular
24.0 0.2 Rectangular
22.0 0.2 Rectangular
24.0 0.22 Rectangular
21.0 0.2 Rectangular
28.0 0.2 Rectangular
30.0 0.22 Rectangular
24.0 0.22 Rectangular
25.0 0.2 Rectangular
26.0 0.2 Rectangular
26.0 0.22 Rectangular
22.0 0.22 Rectangular
24.0 0.22 Rectangular
28.0 0.22 Rectangular
25.0 0.2 Rectangular
26.0 0.22 Rectangular
28.0 0.22 Rectangular

wafer was observed by sectional SEM (scanning electron
microscopy), the minimum line width (um) of line-and-
space patterns which were separated at an exposure which
can resolve 0.25 um lines and spaces 1:1 (i.¢., the optimum
exposure (Eop),-mJ/cm®) was regarded as the resolution of
the resist material being evaluated. During this observation,
the pattern shape was classified 1nto rectangular, round-
headed, T-topped, regular tapered or reverse tapered.
Eventually, all patterns were rectangular.

The composition of each resist material and the results of
evaluation are shown 1n Table 3. In Table 4, the solvent and
the basic compounds were as follows. In all cases, the
solvent contained 0.01% by weight of KH-20 (manufactured
by Asahi Glass Co., Ltd.).

PGMEA: Propylene glycol methyl ether acetate.
TEA: Triethanolamine.

TMMEA: Trismethoxymethoxyethylamine.

It has been confirmed by the results shown 1n Table 4 that
the resist materials of the present invention exhibit high
sensitivity and high resolving power 1n an exposure process
using an ArF excimer laser.
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TABLE 4
Acid Dissolution Basic
Resin generator  controller compound  Solvent
(parts by  (parts by (parts by (parts by  (parts by
Example weight) weight) weight) weight) weight)
[V-1 Polymer 6 PAG 1 — TEA PGMEA
(80) (1) (0.063) (480)
[V-2 Polymer 6 PAG 2 — TMMEA PGMEA
(80) (1) (0.118) (480)

What 1s claimed 1s:

1. A polymer containing repeating units represented by
the following general formula (1-1) or (1-2) and having a
welght-average molecular weight of 1,000 to 500,000

(1-1)

(1-2)

wherein R' represents a hydrogen atom, a methyl group or
CH,CO.R; R” represents a hydrogen atom, a methyl group
or CO,R; R® represents a straight-chain, branched or cyclic
alkyl group having 1 to 15 carbon atoms, and may be

common to R! and R* or di:

ferent therebetween; W repre-

sents a straight-chain or branched divalent hydrocarbon
radical having 2 to 10 carbon atoms, which may have one or
more ester linkages 1n 1ts structure and may further be

substituted by one or more other-atomic groups containing
a heteroatom; and k 1s O or 1.

2. A polymer as claimed 1n claim 1 which, 1n addition to
the repeating units represented by the above general formula
(1-1), contains repeating units represented by the following
general formula (2-1)
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Optimum
exposure Resolution
(mJ/cm?) (um) Shape

17.0 0.15 Rectangular

18.0 0.15 Rectangular

(2-1)
15 ( )
<l | 1k
R? RY
H Z—(R°),
O :<

25 OR*

wherein k is as defined in claim 1; R*' represents a hydrogen
atom, a methyl group or CH,CO,R™; R* represents a
hydrogen atom, a methyl group or CO,R™; R represents a
straight-chain, branched or cyclic alkyl group having 1 to 15
carbon atoms, and may be common to R" and R* or different
therebetween; R* represents an acid-labile group; R> repre-
sents a halogen atom, a hydroxyl group, a straight-chain,
branched or cyclic alkoxy, acyloxy or alkylsulfonyloxy
oroup having 1 to 15 carbon atoms, or a straight-chain,
branched or cyclic alkoxyalkoxy or alkoxycarbonyloxy
ogroup having 2 to 15 carbon atoms, in which the hydrogen
atoms on the constituent carbon atoms may be partially or
completely replaced by halogen atoms; Z represents a single
bond or a straight-chain, branched or cyclic (p+2)-valent
hydrocarbon radical having 1 to 5 carbon atoms, and when
7. 1s a hydrocarbon radical, one or more methylene groups
may be replaced by an oxygen atom to form a linear or cyclic
cther, or two hydrogen atoms on an identical carbon atom
may be replaced by an oxygen atom to form a ketone; and
p1s 0, 1 or 2.

3. A resist material containing a polymer as claimed 1n
claim 2.

4. A pattern formation method comprising the steps of

applying the resist materia.
heat treatment, exposing t.

| of claim 3 to a substrate; after a
e resist material to high-energy

radiation or electron rays t

arough a photomask; and, after a

heat treatment, developing the resist material with a devel-
OPET.

5. A resist material as claimed 1n claim 3, further com-
prising at least one additional component selected from the
group consisting of an acid generator and an organic solvent.

6. A polymer as claimed 1n claim 1 which, in addition to
the repeating units represented by the above general formula
(1-1), contains repeating units represented by the following

general formulas (2-1) and (3)
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(2-1)

(3)

wherein k is as defined in claim 1; R*' represents a hydrogen
atom, a methyl group or CH,CO,R>; R*' represents a
hydrogen atom, a methyl group or CO,R>'; R” represents a
straight-chain, branched or cyclic alkyl group having 1 to 15
carbon atoms, and may be common to R" and R* or different
therebetween; R* represents an acid-labile group; R> repre-
sents a halogen atom, a hydroxyl group, a straight-chain,
branched or cyclic alkoxy, acyloxy or alkylsulfonyloxy
group having 1 to 15 carbon atoms, or a straight-chain,
branched or cyclic alkoxyalkoxy or alkoxycarbonyloxy
oroup having 2 to 15 carbon atoms, 1n which the hydrogen
atoms on the constituent carbon atoms may be partially or
completely replaced by halogen atoms; Z represents a single
bond or a straight-chain, branched or cyclic (p+2)-valent
hydrocarbon radical having 1 to 5 carbon atoms, and when
7. 1s a hydrocarbon radical, one or more methylene groups
may be replaced by an oxygen atom to form a linear or cyclic
cther, or two hydrogen atoms on an 1dentical carbon atom
may be replaced by an oxygen atom to form a ketone; Y
represents —O— or —(NR®)—; R° represents a hydrogen

atom or a straight-chain, branched or cyclic alkyl group
having 1 to 15 carbon atoms; and p 1s 0, 1 or 2.

7. A resist material containing a polymer as claimed in
claim 6.

8. A pattern formation method comprising the steps of
applying the resist material of claim 7 to a substrate; after a
heat treatment, exposing the resist material to high-energy
radiation or electron rays through a photomask; and, after a
heat treatment, developing the resist material with a devel-
Oper.

9. A resist material as claimed 1n claim 7, further com-
prising at least one additional component selected from the
group consisting of an acid generator and an organic solvent.

10. A polymer as claimed 1n claim 1 which, 1n addition to
the repeating units represented by the above general formula
(1-1), contains repeating units represented by the following
general formula (4), or both repeating units represented by
the following general formula (4) and repeating units rep-
resented by the following general formula (2-1), and further
contains repeating units represented by the following gen-
eral formula (3)
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(2-1)

(3)

(4)

wherein k is as defined in claim 1; R"' represents a hydrogen
atom, a methyl group or CH,CO,R>; R* represents a
hydrogen atom, a methyl group or CO,R™; R” represents a
straight-chain, branched or cyclic alkyl group having 1 to 15
carbon atoms, and may be common to R' and R*' or
different therebetween; R'" represents a hydrogen atom, a
methyl group or CH,CO,R>"; R*" represents a hydrogen
atom, a methyl group or CO,R>"; R>" represents a straight-
chain, branched or cyclic alkyl group having 1 to 15 carbon
atoms, and may be common to R'" and R*" or different
therebetween; R* and R* each independently represents an
acid-labile group; R’ represents a halogen atom, a hydroxyl
oroup, a straight-chain, branched or cyclic alkoxy, acyloxy
or alkylsulfonyloxy group having 1 to 15 carbon atoms, or
a straight-chain, branched or cyclic alkoxyalkoxy or alkoxy-
carbonyloxy group having 2 to 15 carbon atoms, in which
the hydrogen atoms on the constituent carbon atoms may be
partially or completely replaced by halogen atoms; Z rep-
resents a single bond or a straight-chain, branched or cyclic
(p+2)-valent hydrocarbon radical having 1 to 5 carbon
atoms, and when Z 1s a hydrocarbon radical, one or more
methylene groups may be replaced by an oxygen atom to
form a linear or cyclic ether, or two hydrogen atoms on an
identical carbon atom may be replaced by an oxygen atom
to form a ketone; Y represents —O— or —(NR®)—; R6
represents a hydrogen atom or a straight-chain, branched or

cyclic alkyl group having 1 to 15 carbon atoms; and p 1s O,
1 or 2.

11. A resist material containing a polymer as claimed in
claim 10.

12. A pattern formation method comprising the steps of
applying the resist material of claim 11 to a substrate; after
a heat treatment, exposing the resist material to high-energy
radiation or electron rays through a photomask; and, after a
heat treatment, developing the resist material with a devel-
OpET.

13. A resist material as claimed in claim 11, further
comprising at least one additional component selected from
the group consisting of an acid generator and an organic
solvent.

14. A polymer as claimed 1n claim 1 which, in addition to
the repeating units represented by the above general formula
(1-2), contains repeating units represented by the following
general formula (2-2)
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(2-2)

wherein k 1s as defined 1n claim 1; R" represents a hydrogen
atom, a methyl group or CH,CO,R>; R*' represents a
hydrogen atom, a methyl group or CO,R>'; R> represents a
straight-chain, branched or cyclic alkyl group having 1 to 15
carbon atoms, and may be common to R"'' and R” or different
therebetween; R* represents an acid-labile group; R> repre-
sents a halogen atom, a hydroxyl group, a straight-chain,
branched or cyclic alkoxy, acyloxy or alkylsulfonyloxy
oroup having 1 to 15 carbon atoms, or a straight-chain,
branched or cyclic alkoxyalkoxy or alkoxycarbonyloxy
oroup having 2 to 15 carbon atoms, 1n which the hydrogen
atoms on the constituent carbon atoms may be partially or
completely replaced by halogen atoms; Z represents a single
bond or a straight-chain, branched or cyclic (p+2)-valent
hydrocarbon radical having 1 to 5 carbon atoms, and when
Z. 1s a hydrocarbon radical, one or more methylene groups
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may be replaced by an oxygen atom to form a linear or cyclic
ether, or two hydrogen atoms on an identical carbon atom
may be replaced by an oxygen atom to form a ketone; and
pi1s 0, 1 or 2.

15. A resist material containing a polymer as claimed 1n
claim 14.

16. A pattern formation method comprising the steps of
applying the resist material of claim 15 to a substrate; after
a heat treatment, exposing the resist material to high-energy
radiation or electron rays through a photomask; and, after a
heat treatment, developing the resist material with a devel-
OpET.

17. A resist material as claimed 1n claim 15, further
comprising at least one additional component selected from

the group consisting of an acid generator and an organic
solvent.

18. A resist material containing a polymer as claimed in
claim 1.

19. A pattern formation method comprising the steps of
applying the resist material of claim 18 to a substrate; after
a heat treatment, exposing the resist material to high-energy
radiation or electron rays through a photomask; and, after a
heat treatment, developing the resist material with a devel-
OpET.

20. A resist material as claimed 1n claim 18, further
comprising at least one additional component selected from
the group consisting of an acid generator and an organic
solvent.
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